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PREFACE 
This report summarizes a portion of the research done under Grant 
GI-32990 from the RANN Program of the National Science Foundation. The 
research is a continuation of the development and application of models 
of agricultural production, resource use, and the environment. Previous 
research concentrated on the use of resources in agriculture and the 
development of models to determine the levels of potential environmental 
harm. This extension links the resource utilization and residue-creating 
production activities of cropland agriculture to the quality of water in 
the nation's streams. The polluting substance studied is sediment. 
Improved cropland management offers potential enhancement of stream 
water quality if it retains the soil and its associated chemicals on farm 
lands. This goal may be obtained through appropriate soil conservation 
practices. A major purpose of this analysis is to examine the changes 
required in agriculture, the impacts on stream sediment loads for various 
potential environmental goals and policies, and the physical and economic 
flexibility of agriculture to meet stream quality objectives within this 
framework. 
The development of a model to evaluate the interface of water quality 
and agriculture is the primary objective of this study. The linkage is 
accomplished with a large-scale interregional linear programming model 
of U.S. agriculture. This model, developed in stages over the previous 
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decade, incorporates regional agricultural characteristics into a competi-
tive general equilibrium model. The groundwork laid by Ken Nicol and 
other researchers at the Center for Agricultural and Rural Development 
(CARD) provided the basic model of agricultural production. Arden Colette's 
formulation and evaluation of a water resources sector is also basic to 
this study. The work of Anton Meister in the development of the National 
Water Assessment model underlies much of the fundamental model. 
The model evaluates the impact of several environmental goals on 
national and regional agricultural production. Four alternative sediment 
water quality policies or goals are compared directly to an unrestrained 
alternative. In the first alternative, the total sediment load flowing 
from the 18 major river basins of the United States is minimized. The 
second alternative is an evaluation of sediment loads when limits are 
placed on the allowable soil loss from each production activity. This 
restriction is accomplished by eliminating cropping technologies and 
management systems that produce more soil loss than the level tolerable 
for soil conservation in each region. In the third alternative, a limit 
is placed on the sediment load from each subriver basin or producing area. 
The fourth alternative places a limit on the sediment load flowing from 
each major tiver basin. Each alternative is analyzed to establish the 
changes experienced in sediment load, land use, soil loss, production 
technologies, and commodity production. 
The modeled linkage between agriculture and water quality is the 
result of several years of research. A turning point in this work occurred 
iv 
in early 1974 when the participants of a seminar held at Iowa 
State University suggested the modifications that lead to the cur-
rent formulation of the linkage between agriculture and the environment. 
Each of the 30 or more participants contributed valuable input. Howard 
Madsen, formerly of the CARD staff, provided much valuable time and 
thought to this research in its early stages and into the arrangements for 
the seminar. John Stall of the Illinois Water Survey, and Howard 
Johnson and John Laflen of Iowa State University provided encouragement 
and information that proved important in completing this model. Finally, 
several other CARD research personnel helped immensely: John Fowler, 
Nancy Turner, and Greg Swift, particularly. 
The Authors 
GENERAL SUMMARY 
Soil particles moving as sediment cause substantial damage 
in U.S. waterways. Erosion which introduces soil into streams 
is caused by natural forces. However man, through his use of the land 
surface, accelerates erosion and induces more soil into streams than 
would occur under "natural" conditions. Various activities of man cause 
stream sediment loads to be increased. Urban and highway construction, 
forestry, recreation, and agriculture all loosen soil particles and pro-
vide sediment as a potential polluting substance. Extensive sediment 
and associated flood damages are estimated to exceed $500 million annually. 
Unestimable damages to eroded croplands and the aesthetics and biologics 
of the stream system are possibly even higher. Sediment from both natural 
and man-induced sources is, therefore, a significant problem with which 
man must contend. 
The role of agriculture in controlling or contributing soil loss 
and, thus, sediment loads, has long been recognized. In many areas of the 
United States, crop production and agricultural practices associated with 
it are principal sources of soil erosion. This study assesses the pos-
sible role of cropland agriculture in controlling the sediment loads of 
the streams of the continental United States. 
A linkage between agricultural production, land use, and stream 
sediment loads is developed. The soil loss from noncropland use is 
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assessed and total sediment loads are calculated in a simulated agricul-
tural economy for the year 2000. A large-scale linear programming model 
of agricultural production is augmented with a stream sediment subsector. 
This model provides both completeness and flexibility in the agricultural 
sector for meeting problems of environmental stream water quality. 
To assess the workability of the model and to evaluate possible 
environmental policies, five alternatives are analyzed for stream sedi-
ment loads, agricultural land use, crop production patterns, and total 
social cost. These alternatives provide a basic starting point from which 
interested analysts and policy makers may suggest additional options. 
The Unrestricted Alternative provides a starting point from which agricul-
tural changes can be evaluated using alternate policy formulations. In 
this alternative, no restrictions are placed on agricultural productions 
soil loss, or stream sediment loads. The results simulate an agricultural 
sector that has undergone trend changes to the year 2000, but has not ex-
perienced change to meet sediment water quality goals. The stream sediment 
loads in this alternative closely approximate the average levels recorded 
in historic data. From this alternative it is apparent that not all agri-
cultural regions are affected equally by environmental controls placed 
on cropland erosion and stream quality. In many areas either cropland 
acres are so few or erosion potential from cropland is so low that modify-
ing cropland use does not modify stream sediment loads significantly. 
The midwestern and southern United States encompassing the Mississippi 
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River drainage area and the Southeastern states, do have significant crop-
land erosion problems and suitable cropland management could reduce the 
sediment loads. The production patterns in this unrestrained alternative 
are suitable approximations to historic patterns for use as a point of 
departure for comparative analysis. 
The alternatives considered are possible policies that simulate a 
variety of environmental goals for the year 2000. Each alternative pro-
duces some change in the makeup of the agricultural system. The most 
drastic changes occur when the goal is minimization of the sediment out-
flow of all U.S. river basins under a fixed demand for agricultural com-
modities. To accomplish this extreme environmental goal, large-scale 
redistribution of agricultural production is required. Stream sediment 
loads are drastically reduced under the assumed conditions of this alter-
native in most areas of the country with the total national sediment load 
reduced 23.3 percent. Significantly, almost all lands that can be ter-
raced are terraced, large acreages are cropped using contouring, and 
reduced tillage is common among the tillage practices. Such shifts re-
quire the full cropland base to be cropped both to reduce erosion and to 
make up for production lost as land use shifts to less intensive cropping 
systems. The livestock feeding system is changed drastically. Use of 
more grains (particularly small grains) and hay roughage and less silage 
is required. Total cost of producing agricultural commodities is 42.2 
percent higher than in the Unrestricted Alternative. 
The third alternative limits soil loss in tons per acre per year from 
each crop production activity to the level that will allow crop production 
viii 
on the land to continue indefinitely. These levels are established by 
the Soil Conservation Service. Such restrictions constitute limits placed 
on the allowed cropping technologies available at the farm level. Although 
not as extreme as the Minimum Sediment Alternative, several significant 
agricultural changes occur. Regions of the country normally experiencing 
low soil loss are at a comparative economic advantage. Thus, some of 
the cropping traditionally in high erosion areas such as the Southeast 
is shifted to areas of the West and Southwest. Sediment loads in the 
former areas are significantly reduced while loads in western areas either 
increase or fail to decline significantly. Regional and technical shifts 
in crop production and land use are significant, although total required 
land for commodity production does not increase much above the Unrestricted 
Alternative. Total commodity production cost is increased 2.9 percent 
while total sediment load decreases 9.3 percent as compared to the Un-
restricted Alternative. 
The two final alternatives are designed to evaluate two 
additional goals in reducing sediment loads. In the first, the cropland 
portion of the sediment outflow from each subriver basin (producing area) 
is restricted to 80 percent of the level estimated for the Unrestricted 
Alternative. This limit places the burden of sediment control on each 
subriver basin in proportion to its cropland sources of erosion. The 
result is a 20 percent reduction in the total national cropland sediment 
load with each subriver basin modifying the technologies used and crops 
produced just enough to meet the locally required 20 percent reduction 
in agriculturally produced sediment loads. Total national sediment 
ix 
load1 is reduced only 5.1 percent since the restraints are placed on the 
agriculturally produced load only. The cost of producing all commodities 
increases only .3 percent and total national land used for crops is only 
slightly higher than for the Unrestricted Alternative. 
The final alternative calls for a reduction in sediment load similar 
to the previous alternative except the 80 percent limit is placed on 
each major river basin. The national total sediment load reduction is 
identical to the previously described alternative. However, the total 
cost of commodity production is increased only .1 percent. Total land 
required for crop production actually decreases from the Unrestricted 
Alternative. This alternative points up the trade-offs in achieving 
desired stream quality goals when various levels of policy administra-
tion are applied. With the flexibility to choose which subriver basins 
reduce sediment loads under optimal economic conditions and those that 
are unchanged or increased, the model causes some regions to be used as 
"sediment control" regions as the required commodities are produced in 
efficient but still erosive areas. The "sediment control" areas produce 
less erosive crops and reduce stream sediment flows. The water quality 
goal is accomplishe~ but the cost is less than in the former alternative. 
Under the modeled linkage between cropland agriculture and stream 
sediment water quality, agriculture can be used to reduce sediment loads 
and meet environmental goals. The cost to agriculture and, thus to 
society, can be high for extreme environmental control. However, lesser 
control can be obtained at a small total cost through the reorganization 
1Total national sediment load is measured in this report as the sum of 
the sediment outflows from the continental United States through its rivers 
and streams. 
X 
of the production technologies and crops among and within various 
agricultural regions if comparative advantage relative to the model 
restraints can be reflected. 
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CONCEPTS OF SOIL AS A NATURAL RESOURCE: 
AN INTRODUCTION 
Sediment is by volume the most significant pollutant of our 
national waters. Suspended as soil particles, sediment moves into 
virtually every stream and reservoir of the country. Much of this move-
ment of soil is the natural course of an aging earth. Eroded by intense 
rains, soil moves with water runoff into the streams. This seemingly 
simple but costly water pollutant is the subject of this study. 
Water quality has become the battle cry of the environmentalist. 
Water is a staple of life, a necessary ingredient in the persistence of 
natural biological systems. Hence, much emotion accompanies the discus-
sion of water in the United States. The seemingly unlimited availability 
of water prompts many abuses in its use in some regions. Other regions 
suffer greatly from a lack of sufficient water, in either quantity or 
quality. Often these abuses are sanctioned by the development of institu-
tiona! restrictions such as water and land use rights and policies. 
In most areas of the United States today, however, there is enough 
water to maintain natural ecological systems and satisfy the needs of 
man if he is not too concerned with the water's taste or looks, or that 
he might become ill from its use, or that a high expense exists in 
cleaning it so it can be reused. It is obvious, even to the casual 
observer, that the important interface between man and water is the use 
to which the water is put. If a stream is simply a receiving ground for 
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waste, the quality of water is of no concern. Yet, man and his related 
biological systems have needs for water other than as refuse dumping. 
Man consumes,washes, and plays in water. Perhaps more important is 
having water of sufficient quality to support natural systems that sus-
tain life. If water is fouled by toxic and destructive materials, 
important ecological links can be broken with a decrease in food pro-
duction. If the toxicity of the water breaks the link between man and 
other life systems, man ultimately suffers. 
The manner in which water is used determines water quality required. 
If scarcity exists in the supply of water of this quality, then water 
quality becomes an economic good. Assessing certain impacts and affects 
of improved water quality is the goal of this study. However, to be 
manageable, the study must be confined in scope. Suspended sediment in 
U.S. rivers, a singly important water quality variable, is the water 
quality variable around which this study concentrates (4, 20, 27, 36). 
The physical and economic effects of various goals or policies in sedi-
ment water quality are explored and analyzed on a national scale. Of 
all water quality variables, sediment and its related components are 
most closely related to agricultural production. Hence, this analysis 
concentrates on this aspect of water quality. 
The remainder of this section briefs fundamental concepts of 
stream water quality and their linkage to the environment of man through 
the agricultural production system. This interface is between economic 
demand for water quality and agricultural commodities. The goals of 
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water quality and food production are not exclusive, and thus, trade-
offs exist. The problem of society is to determine how to evaluate 
trade-offs revolving around water quality and then to implement needed 
policies and controls. This study is an assessment on a national scale 
of some of society's alternatives in dealing with this most abundant 
of water pollutants, suspended sediment. 
Sediment as a Water Quality Variable 
The main impact of agriculture on water quality is through sedimen-
tation. Sediment also serves as a transportation method for some of the 
pesticides and phosphates which find their way into streams and lakes. The 
high levels of agricultural development in the United States is importantly 
responsible for these relationships between food production and water quality. 
Economic development, which expands the demand for labor away from the farm and 
reduces real price for capital, has led farmers to use more capital inputs 
such as fertilizers and pesticides and to substitute machinery for labor. 
The greater fixed costs associated with advanced mechanization have re-
sulted in larger and more specialized crop and livestock producing units. 
Specialized crop units with large inputs of chemicals encourage soil 
erosion and the export of fertilizers and pesticides to streams. Large-
scale livestock units similarly concentrate animal wastes which can give 
rise to water quality and pollution problems. Therefore, the problems of 
sedimentation are a partial function of advanced agricultural development. 
But man's advancement in this dimension threatens the linkage between 
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land use and water quality which also is important to him. Sedimenta-
tion is especially encouraged by crop specialization revolving around 
row crops. 
Sediment is a pollutant in the three areas shown in Figure 1. These 
three polluting characteristics of sediment are physical presence, 
sorption, and eutrophication. Each is chemically and physically assessed 
in other research publications (20, 45). Lest the negative impacts of 
sediment be overemphasized, it should be pointed out that there are some 
positive aspects of sedimentation. Fertile croplands have been formed 
in river deltas from eroded soil (3). However, this study only considers 
the negative or external diseconomies of excessive erosion. More de-
tails on sediment pollution are also provided in concise form in (46). 
Economics of Sediment in Water Quality 
The often neglected, but exceedingly important, economic role of 
sediment is emphasized schematically in Figure 2, where the total annual 
damages caused by sediment are estimated to exceed $175 million (2). 
This cost estimate does not include damages on wildlife and fish habitats. 
Since they were based on 1962 prices, these costs do not estimate current 
levels of damages. However, the individual components of Figure 2 do 
present a cross-section of the strata of society exposed to potential 
sediment damage. 
Loss of reservoir storage in turn affects recreation, power production, 
irrigation, and other purposes for which water is stored. It is estimated 
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that these damages sum to $50 million annually at 1962 prices. The 
direct damage to agricultural lands is estimated at $50 million annually. 
This damage is in overwash of agricultural lands by less or nonproductive 
soils, the impairment of natural drainage from agricultural lands, the 
scouring of flood plains, and erosion of stream banks. These damages 
directly affect the productive capacity of agriculture. In addition, ero-
sion damages, not easily estimated and excluded from Figure 2, occur as land 
is slowly reduced in productive capacity by the removal of valuable top-
soil and associated soil nutrients. 
Flood damage resulting from sediment deposits is estimated at $20 
million annually. The impairment of drainage enterprises on agricultural 
and nonagricultural lands causes damage estimated at $17 million annually. 
Annual damage to harbors and navigation facilities is estimated at $12 
million. These damages occur through impairment of services provided by 
these facilities. Damage to irrigation enterprises is estimated at $10 
million annually, while $5 million is required to purify water and remove 
turbidity caused by sediment. As mentioned previously, these estimates 
exclude depletion of agricultural productivity and damages resulting 
from loss of fish and wildlife breeding areas and habitats, the eutrophi-
cation of lakes, and similar indirect or unaccountable damages. 
Recent estimates place U.S. combined losses from sediment and 
associated flood water damage in upstream watersheds at $1 billion 
annually (11). The proportion of the damage attributable to sediment 
and sedimentation is not known exactly, but estimates of $500 million 
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annually have been made. The cost of sediment removal from streams, 
reservoirs, and harbors has been estimated at $250 million annually (11). 
Table 1 provides a third estimate of the sediment damages but for 
the Upper Mississippi River Basin, alone. These estimates show that 
sediment problems are prominent and affect a wide cross-section of water-
related enterprises (27, 32). 
These estimates of sediment damage prompt two conclusions. First, 
however accounted, sediment is an expensive polluting material. Whether 
erosion is residual from inappropriate land utilization and planning or 
from uncontrollable natural sources, the reduction of soil losses offers 
substantial potential for eliminating sediment-related damage. Second, 
damages from sediment and the control of sediment are primarily public 
in nature. That is, much of the damage, particularly to transportation 
facilities and water supplies, is not damage to individuals but to 
society as a whole and paid from public funds. And, in most cases, the 
overall control of sediment damage by individuals is not an effective 
approach to a regional and national problem. The protection of the en-
vironment and the conservation of natural resources is, by default, a 
twofold function of society as a whole. 
Project Objectives 
This study has two major purposes. The first is to develop a model 
of the agricultural economic process and its interactions and impact on the 
physical process of water quality through eroded soil and sediment. 
-
Second, the model developed in this study is applied to a set of hypothetical 
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Table 1. EstimatE;!d annual sediment-related damage for the Upper Missis-
sippi River Basina 
Description 
Damage from gully erosion 
Destruction of land by removal and 
lowering of the remainder of a field 
Damage of fences, farm buildings, and 
improvements 
Damage to roads, bridges, homes, businesses 
Interruption of travel due to road damage, 
farm equipment breakage, loss of grazing 
Total 
Damage from sheet erosion 
Not estimated 
Damage from sediment 
Overbank deposition of infertile sediment on 
productive land 
Swamping of crops due to impaired drainage 
caused by channel clogging 
Increased flooding due to channel clogging 
Removal of sediment from drainage ditches and 
structures 
Roads and railroads, damage and removal of 
sediment from ditches 
Water filtration, increased cost of chemicals 
Reservoirs, depletion of capacity 
Dredging of navigation channels 
Total 
Damage from flood waters 
(upstream damage in basins smaller than 1000 km2) 
Annual damage 
(million dollars) 
11.8 
. 5 
. 5 
1.3 
14.1 
2.5 
1.8 
.7 
5.8 
8.8 
. 3 
2.9 
2.2 
25.0 
Destruction of crops, damage to property, buildings 
roads, and indirect damages 29.4 
3 Source: Stall (27). 
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policy alternatives to demonstrate the uses of the model and other 
similar models in the analysis of a U.S. water quality problem relating 
to sedimentation. 
The model requires that the economic and physical processes of 
agriculture be specified and linked in a way consistent with both 
processes. The application of a combined engineering-economic model 
of a nonpoint source pollutant, sediment, is a quantification of the 
interactive agricultural economical, and environmental processes. 
Engineering relationships are formulated into forms that are consistent 
with a large-scale mathematical optimization model of the agricultural 
sector of the economy and with a basic formulation of the physical 
aspects of sediment transport. The foundations for this linkage and 
the model development are described in this report. 
The second major purpose is to use the model developed for insights 
into the problems and trade-offs that exist between instream sediment 
loads, agricultural land use and food production. These linkages pro-
vide a study with both economic and physical facets. The study is 
economic in the sense that problems of agricultural production are 
integrally related to the external effects of its residual products. 
The movement of the sediment as a residual from one region to another 
through the river system damages both human and nonhuman environments. 
Since sediment causes damage, it is an economic good. Sediment related 
damages may be market, nonmarket, or intangible. That is, they are re-
flected through increased direct cost on the producer and consequently 
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the consumer. By such items as cost of improved drainage, they become 
directly an accountable cost to society as a whole or they are inflicted 
indirectly through decreased wildlife population and decreased aesthetic 
value. In this study, sediment is viewed as a nonmarket good inflicting 
measurable damage on the human environment. The study does not deal with 
individual pollutors as such, but rather it views sediment as a nonpoint 
source of pollution whose sources are large geographic areas that have 
relatively uniform intraregional patterns of agricultural production. 
To view sediment as strictly a problem of producers inflicting 
harm upon themselves or others within a local area fails to recognize 
the problem of sediment carried by rivers. The river system is a common 
property resource use in many (but not all compatible) ways. Carrying 
waste from economic production is one use of water. Water quality re-
strictions are placed on the effluents from individual point sources 
by federal and state law. However, in the context of sediment, such 
restrictions have limited value because of the physical characteristics 
of the pollutant. The restrictions placed on sediment must take on com-
munity characteristics. To express the nature of such restrictions, 
consider an emission restriction placed on a single agricultural region. 
This restriction assumes a concern of the farmers of the region as a 
whole and the regions public policy makers, in particular, to provide 
benefits to downstream users through improved water quality. The benefits 
might accrue to consumers in the form of reduced treatment costs for 
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public water supplies, reduced dredging of navigable waterways, and 
less filling of public water storage facilities. Because of these com-
plexities, the model developed and used is interregional in character 
and ties all regions together in a network of interdependence. 
To accomplish this second purpose of utilizing the model of sedi-
ment transport and agricultural production to demonstrate uses of the 
model, five alternative and hypothetical sediment control policy alterna-
tives are analyzed for their impacts on agricultural production and 
sediment water quality. These alternatives are directed toward a 
cross section of potential policies and goals for improved sediment-
water quality and are used as both a demonstration of the application 
of the model developed and to illustrate the complex interactions be-
tween the agricultural production system and environmental quality. 
It must be recognized that the model described in this report is 
an initial elementaryrepresentation of a complex physical environment 
and as a model is a simplification. Additional research may refine and 
augment this model at points in the future. The research reported in 
this volume is an initial step and should be viewed according to its 
purposes of presenting a model of economic and environmental interaction 
and analyzing the complex of interactions between policies and goals 
and the production of agricultural commodities. 
Organization of the Report 
Five major sections of this study follow. The first describes the 
methodology used to model the physical aspects of sediment transport 
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and to examine the posed policy alternatives. The second 
section describes the five alternative sediment control policies. The 
third includes a detailed quantitative analysis of a "no sediment con-
trol" alternative. In the fourth section~ the four scenarios 
for controlling sediment loads are compared to the unrestrained alter-
native. The final section evaluates the alternative policies considered 
as means of controlling stream sediment loads through agriculture. The 
appendix provides computational detail for the coefficients of the sedi-
ment transport submodel used in the study. 
THE MODEL 
The research method of this study is a large-scale linear programming 
model. This model has evolved from several years of research at the 
Center for Agricultural and Rural Development under the direction of 
Earl 0. Heady. Early generations of these models were relatively small 
and they considered only a few interactions between crop production and 
resource availability. More recent generations allow extensive inter-
actions among production, resources, regions, and the environment. Two 
models used especially as background for this study are those of Eyvindson 
(8) and Heady, Madsen, Nicol, and Hargrove (10). The modeling process 
in environmental and agricultural interactions was continued by Nicol 
(21), Nicol, Heady, and Madsen (22),and Meister and Nicol (17). Except 
for the major sediment sector, these studies provide much of the modeling 
background used in this study. Frequent reference is made to these pre-
vious studies in the discussion of the model developed specifically for 
this study. 
Central Concepts 
Concepts of interaction between agricultural production and 
environmental quality are not new. However, attempting to model these 
interactions and analyze national and interregional sediment policies is novel. 
The approach of this study is to augment models and existing modeling techniques 
witha system that adequately quantifies sediment water quality policies. 
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Figure 3 illustrates the basic components of the sediment model. Previous 
models analyze the components of resource availability, product trans-
formation, and commodity demands on a national scale (10, 17, 21, 22). 
More recent models have evaluated fixed restraints on residual or pol-
luting output at the national level. The goal of this study is to 
combine the foundation of these models with residual transportation and 
collection systems that simulate stream water quality. An additional 
goal is to analyze potential environmental objectives and policies in 
terms of variations in stream water quality at the national level. 
Agricultural 
Commodity 
Demand 
Figure 3. 
Agriculture 
Product 
Transformation 
Residual 
Output 
Residual 
Transport 
& Collection 
Resource 
Availability 
Environmental 
Restraint or 
Policy 
Environmental 
Goal 
The interaction between agricultural production and 
environmental quality 
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Somewhat similar models have been developed on a small scale to 
analyze specific watershed stream quality variables (14, 19, 25, 29). 
These modeling efforts attem~t to relate water quality policy with 
a single watershed or, at most, a small river basin. Models of such 
scope are extremely useful in assessing and evaluating local level 
phenomenon. However, national policy variations and interregional trade-
offs are ignored. The quantification of these interregional and national 
impacts of environmental policies is essential in evaluating any national 
policy. 
Figure 3 portrays a broad perspective of the environmental policy-
economic system interface. Classic resources of land, labor, and capital 
are no longer sufficient to guarantee adequate production to meet demands. 
Secondary resources described as "waste disposal resources" also are 
treated as limiting production capabilities. These disposal resources 
are restrained by the imposition of nonmarket goals on the economic pro-
duction system. Environmental goals, both commercial and aestheti~ are 
considered. Such goals obviously require monitoring and the restraining 
of environmental pollutants if the ecosystem balance is to be maintained 
or improved. 
The concepts of the production-environment interface are further 
illustrated in Figure 4 in terms of sediment water quality, the variable 
of interest in this study. In this model, resources which cause inter-
relations between agriculture and the environment are cropland and sedi-
ment transport. 
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Figure 4. Schematic illustration of interrelationships of market 
demand, sediment management goals, agricultural production, 
and stream sediment loads 
The management of cropland resources in the production of final 
agricultural demands is essential in estimating the consequence of policies 
involving nonpoint source pollution from sediment. The relatedness of 
livestock production to crop production and crop production to sediment 
production accentuates the relations between production of goods to meet 
simultaneously market demands and environmental goals. This model is 
designed in a way that links the physical and economic aspects of 
environmental policy decisions. 
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Basic Model Description 
This subsection is a description of the central elements of the 
model. Parameters such as technology, population, and export demands 
are projected to the year 2000. This time horizon is consistent with 
projections used in other recent models (40,44). Further, 2000 pro-
vides a period long enough for regional adjustments in agriculture 
and for assessing long-run effects of environmental policy. 
Individual components of the model are explained only briefly when 
they represent elements of the RANN and National Water Assessment models 
(17). Detail is provided later on the modifications made to the water 
sector of the RANN models and on the development of the sediment trans-
port sector which is linked to it. The basic model is outlined in 
matrix relationships (1) through (8). 
Min Z = c'x 
subject to 
Ax~ b (2) 
~ - TxT ~ 0 (5) 
0 < x < r (8) 
- T- T 
where 
(1) 
Bx ~ d 
x~O 
(3) 
(6) 
Sx- ~ ~ s* 
Z = total production and transport cost of U.S. agricultural 
commodities, 
x = commodity and sediment production vector, 
c = production costs vector, 
A = resource requirements matrix, 
b = resource limits vector, 
d = commodity demands vector, 
B = commodity output matrix, 
(4) 
(7) 
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S soil loss matrix, 
')) sediment delivery vector, 
XT sediment transport vector, 
D = sediment delivery ratio matrix, 
T = transport ratio matrix, 
rD = restraint vector on delivered sediment, 
rT restraint vector on transported sediment, 
s* = total erosion from exogenous sources. 
This simplified statement of the model expresses its central components 
without giving complexity to each. 
The individual sections of the model can be described in simple 
terms. Equation (1), the total cost function for agricultural production, 
includes costs for crop and livestock production and commodity transpor-
tation. Relation (2), the resource transformation matrix relationship, 
converts the resource vector, b, into the agricultural commodities demand 
through relation (3) from the final demand vector, d. Relation (4) delivers 
sediment from each producing area. The sediment is transported and collected 
through relationship (5). Relation (6) is the classical nonnegativity 
restraint for agricultural production. Finally, (7) and (8) represent 
envrionmental restraints on sediment delivery and transport. Summary 
of these basic components of the model are included in following sections. 
Linkage to the National Water Assessment 
The sediment transport and water quality analysis model of this 
study rests importantly on a model developed by the Center for Agricul-
tural and Rural Development under a grant with the National Science 
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Foundation in cooperation with the Economic Research Service of the U.S. 
Department of Agriculture, and the U.S. Water Resources Council (17, 40). 
The basic agricultural production and consumption structure of this model 
is retained for the- model of- this study with only small changes. There-
fore, only brief descriptions of these overlapping portions of the models 
are provided. 
Regions of the sediment model 
To develop a spatial model of an interactive competitive economic 
process, a set of regional delineations is required. In this model, an 
interacting three-tiered set of regions is used to provide a foundation 
for production and consumption activities. 
The producing areas (PA's in Figure 5) are county aggregations of 
river subbasins provided by the Water Resources Council for developing 
the 1975 National Assessment of Water Resources developed by the Center 
for Agricultural and Rural Development (40). This set of regions is 
hydrologically consistent in terms of surface water flow. That is, the 
regions are subparts of large river basins that can be linked together 
to provide an approximation of the river basin. This linkage is shown 
by the heavy lines which are county boundary approximations for the 
major river basin boundaries. All crop production activities are speci-
fied at the PA level • Therefore, inputs and products (both conunodities 
and residuals) are disposed of and generated at the PA level. Water and 
sediment also are defined for the PA level. 
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a Closed basins 
Figure 5. Producing areas (PA's), river basins, and schematic river 
flows for the sediment transport submodel 
Figure 6. Twenty-eight market regions (MR's) of the United States 
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Market regions (MR's) are aggregations of contiguous PA's which 
serve as a network for regional exchange and commerce for the agricul-
tural commodities produced in the model (Figure 6). These commodities 
are produced by crops: corn grain, silage (corn and sorghum), barley, 
cotton lint, oats, wheat, sorghum grain, oilmeal (from soybeans and cot-
ton), legume hay, nonlegume hay, and beet sugar; and by livestock: pork, 
fed beef, milk, and feeders (for intermediate use only). Other crops and 
livestock are allocated according to historic production patterns, pro-
jected yields, and projected demands based on population and export 
growth. For simplicity these commodities and the crops and livestock which 
produce them are termed exogenous. Crop commodities are produced at 
the PA level and aggregated into a MR's stock of commodities available 
to meet domestic, interregional, or international demands. Livestock 
commodities are produced at the MR level extracting needed inputs from 
the region's fund of produced commodities and stock resource. 
The interregional movement of water and associated sediment are 
the center of this study. This movement is between PA's in a pattern 
that simulates the spatial relationships and the hydrologic flows between 
the river basins. These river flows are shown by the arrows in Figure 
5. The 105 PA's and their aggregation to the major river basins pro-
vide a macro view of the sediment and water relations that link the crop 
production to water quality. 
Crop production activities 
Linear programming activities are provided that produce the crops 
historically (or potentially) grown in each PA. The crop production 
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activities are the core of the model and occupy approximately two-thirds 
of the vector x defined in relationship (2). 
Land requirements All crop production activities use land at 
the rate of one acre per unit of the activity. Each PA has nine land 
quality classes which are aggregations from the land capability classes 
of the Soil Conservation Service (22). Crop yields, per acre costs, 
and per acre soil losses are determined by land quality class and pro-
ducing area. 
Crop yields Crop yield projections are adapted from Stoecker 
(28) and are defined in detail in other publications (17, 22). The 
average yields per acre of the 12 basic field crops are determined from 
statistically estimated functions based on the input costs of three 
fertilizer components (nitrogen, phosphorus, and potassium), time, and 
the prices of the commodity produced and the fertilizer inputs. 
The crop yield of an activity is adjusted to reflect the activity's 
land class, production technology, and the proportion of the average 
acre devoted to each crop as designated in Soil Conservation Service 
data (22). Similarly, the yield is adjusted to reflect the use of three 
tillage practices (conventional tillage-residue removed, conventional 
tillage-residue left, and reduced tillage) and four conservation prac-
tices (straight row, contour, contour strip cropping, and terracing) 
used in the rotations. This adjustment changes the crop yields based 
on the assigned adjustments provided by the Soil Conservation Service. 
A final adjustment is made to reflect the proportion of the rotation 
(or activity) producing the crop in an average year. 
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Costs The costs of producing each cropping activity was based 
on data derived in an earlier study (but updated) by Eyvindson (8). The 
crop activity cost represents the per acre variable, nonland costs of 
producing one acre of the activity. The costs are adjusted to the yields 
of the nine land quality classes, to the conservation and tillage prac-
tices, and to the crop weights of the rotation. Similar adjustments 
to costs are made for summer fallow and reduced tillage technologies 
based on regional feasibility and application of these practices. 
Livestock production 
The production of livestock commodities is a source of intermediate 
demand for most endogenously produced crop commodities. Pork, milk, 
fed beef, nonfed beef, and feeders are produced from activities which 
compute the feed needs of hogs, beef feeders, beef cows, and dairy cows. 
The feed requirements are for optimally balanced feed rations. Each MR 
has several alternative feeding activities which are used by the model 
according to the internal prices computed for each commodity and the 
comparative advantage of the various feeding activities and regions. 
The rations are developed in separate mathematical programming routines 
to guarantee that the combinations of feeds are palatable to the live-
stock (22). 
The costs for livestock production are determined from Eyvindson's 
cost data as adjusted by Meister and Nicol (17) and include variations 
due to regio~al differences in productive capital assests required to 
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produce a single unit of livestock. Suitable interest rates are used 
to determine amortized capital costs. 
Prespecified feed rations also are used to compute the demand for 
feed commodities required for exogenous livestock other than those 
specified above. Combined with projected levels of demand for these 
livestock commodities in the year 2000, these feed requirements act as 
a fixed requirement for feed commodities, pasture, and water. The de-
tails and coefficients for these demands are in Meister and Nicol (17). 
Production of exogenous crops and roughage 
For crops other than the 12 listed previously as endogenous, year 
2000 demands are determined from the OBERS-E' projections and the data 
provided by the U.S. Department of Agriculture for the National Water 
Assessment (40). The projected domestic and export demands for exogenous 
crops are met by projecting the yields of each crop and allocating the 
land, water, and nitrogen fertilizer required to produce these crops 
prior to model solution. These withdrawals of inputs are extracted from 
each PA's resource base according to historic proportions of the total 
national production. 
Allocation of exogenous roughage is analogous to that of other 
exogenous crop resources except that roughage provides a fixed supply 
of nonlegume hay equivalent roughage. The amount of roughage available 
in each MR is determined from the total available acreages of noncropland 
hay, pasture, range, and grazed forest. The total hay yields of these 
noncroplands are summed to give a total supply of nonlegume hay. These 
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acreages are from the National Inventory (38) and the yields are from 
Ibach and Adams (12). The spatial allocation of these lands among the 
MR's is based on their 1975 location (17). 
Land base 
Land or soil is the primary resource in agricultural production. 
The computation of available land resources is fundamental to the esti-
mation and analysis of this model since the amount of land available 
determines both commodity and sediment production. The cropland base 
is aggregated from the 28 land quality classes (38). Adjustments to 
the 1967 cropland base account for changes in land use between 1967 and 
2000 by land quality class. 
The cropland base utilized in this model is the OBERS-E' land base 
for the year 2000 (44). These estimates come from several sources and 
are specified in detail (17). The cropland base is increased by esti-
mates of wetland drainage and irrigation development between 1967 and 
1975 and reduced by projected urban and buildup needs from 1975 to 2000. 
The urban and buildup estimates are taken from a procedure developed by 
Spaulding and Madsen (26). 
The final adjustment made in the land base is for the exogenous 
crops. Estimated exogenous cropland acreage demands are subtracted from 
the land base of each region, fixing the location of production of these 
crops proportional to historic trends. The final land base is summarized 
by land quality classes and river basins in Wade (46). 
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Commodity demands 
Consumer demand is the driving force behind any economic system. 
The production required to meet both domestic and export demands is 
the emphasis of this production model. In the application of the model, 
however, the primary goal is not the implication of various scenarios 
of consumer and export demands on agriculture, but rather those of en-
vironmental policy. For this reason, commodity demands have been fixed 
at one level for all policy alternatives considered. They include a 
national population of 262,360,000 in 2000 as projected by OBERS (44). 
This population is distributed regionally by the OBERS projection system 
and aggregated to market region levels for allocating domestic consump-
tion of commodities. Export commodities are allocated as final demand 
in the MR's according to historical (1970-1972) export shipments from 
each region (46). 
Commodity transportation 
Three distinct uses of commodities are produced relative to 
interregional shipments of agricultural commodities. Produced commodities 
are shipped between market regions, consumed intraregionally, or consumed 
nationally. Corn grain, barley, oats, sorghum grain, wheat, oilmeal, 
fed beef, nonfed beef, milk, and pork are shipped between market regions 
to satisfy demand in all regions at a total national minimum cost. 
Silage (corn and sorghum), legume hays, and nonlegume hays are consumed 
intraregionally only. Commodities consumed on a national basis only are 
cotton and beet sugar. 
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The costs of intraregional shipment are computed by least-square 
regression from data given in Carload Waybill Statistics (13). These 
costs are computed for routes between principle shipping centers in each 
region. The commodity transport sector is a partial transshipment 
model since some additional long haul transportation routes are defined 
where direct shipment of commodities between nonadjacent MR's would save 
more than 10 percent on total haul distance. The shipment cost is com-
puted as an average or representative transportation cost (17). 
A Supplementary Water Sector 
A major deviation from the RANN or National Water Assessment model 
(17) involves the water sector. Water is an input resource in the irri-
gated western states. The implications of any agricultural policy include 
the conditions and impacts imposed on irrigated agriculture. Colette (6) 
developed thewater system that provides a base for evaluating legal water 
problems in the western states. The water system used consists of water 
supplies from both surface and ground water, potential and required 
natural and man-made water transfers, cost associated with water delivery 
and pumpage, and transfer and use efficiencies of irrigated agriculture. 
The water sector used in this model is a modification of Colette's water 
sector, designed to provide basic water requirements in a consistent 
manner at lower computer costs. 
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Water supp~ 
Both ground and surface water supplies are estimated for 2000 in 
each PA. Ground water is divided into rechargeable and depletable water. 
Rechargeable ground water is treated as a part of the surface supply 
since in most cases these supplies cannot be hydrologically separated. 
Depletable ground water is provided as a separate supply available at 
a substantially higher cost to agriculture than surface water. In areas 
where depletable ground water and surface water-rechargeable ground 
water are found, both supplies are provided as a resource for crop 
and livestock production. The water supplies available to agriculture 
from surface water and depletable ground water are given in Wade (46). 
Water use coefficients 
Crops utilize water at a rate consistent with a 50 percent drought 
probability (40). Endogenous livestock also use water from supplies 
available in the model. Water requirements for both exogenous crops and 
livestock are computed separately and fixed as prior demands on available 
water supplies. 
Transportation of water between PA's takes three forms: natural 
stream flow within a river basin, man-made transfers within a river basin, 
and man-made interbasin transfers. Each transfer has a separate effi-
ciency associated with it, depending upon the type of convenience and 
location of the transfer. Bounds are placed on the carrying capacity of 
the transfers, both man-made and natural, to reflect the annual volume 
that can be transported over each route. 
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Water costs are developed to reflect the diversion cost of irrigation 
water and are computed for each PA from Bureau of Reclamation average 
project water costs. 1 The water sector provides a spatial allocation 
of water as an input for national agricultural production consistent with 
currently observed patterns. The water sector is unchanged for the policy 
alternatives considered in this study since the environmental variables 
being studied are sediment and water quality, not the availability or 
transferability of irrigation water. 
Erosion Sector 
This study is an analysis of the interaction of agricultural 
production and water quality as expressed through cropland erosion. Hence, 
the analysis and verification of the procedures used to estimate erosion 
rates constitute a major portion of this study. This subsection simply 
states the basic relationships between the variables of the sediment 
water quality system. The details are included in the Appendix. There 
are four ways in which the erosion sector relates to the other sectors 
of the model. These are (a) the erosion of active cropland, (b) the 
erosion of unused cropland, (c) the erosion of noncropland sources, and 
(d) the computation of the variables of the sediment transport system. 
The first three of these relationships are outlined in this subsection. 
The fourth relationship is discussed in the following subsection which 
deals with the transport system. 
1 See Madsen (15) and Colette (6) for detailed information. 
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Soil loss from cropland 
Soil loss occurs for all cropping activities specified in the model. 
Technologies developed to reduce soil loss have been effective in many 
areas. This characteristic is reflected in the cropping activities 
specified and the soil loss computed for each of the technologies used 
in the model. This procedure parallels that of Nicol, Heady, and Madsen 
(22). The soil loss for each cropping activity is computed using the 
University Soil Loss Equation (49). The foundation data for these com-
putations comes from data provided by the Soil Conservation Service in 
a questionnaire (22). The equation is 
SL = R • K • L • S • C • P (9) 
where 
R = rainfall intensity factor, 
K = soil erodibility factor, 
L = slope length factor, 
S = slope factor, 
C = crop management-tillage factor, 
P = conservation practice factor, 
SL = gross soil loss from sheet and rill erosion in tons 
per acre per year. 
The cropland erosion sector is the portion of the model with greatest 
flexibility in controlling sediment and water quality since each alter-
native cropping activity has a different level of soil loss. The trade-
offs that exist among the regional location of crops, crop management 
practices, tillage practices, and conservation practices potentially 
reduce the gross soil loss of producing the bill of demand for agricul-
tural commodities. The linear programming model selects the alternatives 
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according to a cost minimizing criteria subject to the desired resource 
limitations and environmental restraints or water qualities to be obtained. 
Sediment loads are controlled at the crop production level in this model. 
For areas west of the Rocky Mountains, the estimates of the soil loss 
rates for each cropping system and technology are drawn directly from 
the SCS data (22). 
Noncropland erosion 
The model's erosion sector provides estimates of the erosion not 
controllable by the selection of cropping activities within the linear 
programming model. This sector of the model includes erosion from 
forest, pasture, range, urban and buildup, exogenous cropland, and 
several other sources. For this study gully, streambed and channel 
erosion are also assumed fixed and unaffected by changes in cropland 
management. The total of these uncontrollable sources is represented 
by the vectors* in relation (4). This vector has an element for each 
PA in the model. The procedures used to determine the total noncropland 
erosion are given in detail as part of the Appendix. This fixed level 
of erosion is distributed as a part of the sediment transport system 
just as the erosion from active and unused cropland. 
Soil loss from unused cropland 
In a modeled system for estimating the affects of fixed commodity 
demands on the crop production system, some of the cropland base is not 
required to produce these demands. However, regardless of the fact this 
land is not used for field crops, it does erode and contributes to 
sediment in the streams. 
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So that the modeling procedure allows all lands to be potential 
erosion sources, an erosion or soil loss rate is computed for lands not 
required for agricultural production under the several policy alterna-
tives analyzed. These rates are computed by PA and land quality class 
according to the erodibility of each soil in each area. 
An additional activity is provided in the model for each land 
quality class for each PA. This slack activity produces a soil loss 
for each acre of cropland which remains unused for crops. The erosion 
rates for land not used for crops are detailed in the Appendix. 
The Sediment Transport System 
The development of a model of sediment transport in the river 
system of the United States is a specific goal of this study. The prob-
lems associated with sediment movement and accumulation are complex 
physical ones. The objective of this section is to present the basic 
modeling procedures used to estimate the physical components of the move-
ment of the sediment which results from the erosion. The tools described 
in this section are used to estimate sediment movement for analysis of 
national and regional environmental goals and establish a basis for a 
better understanding of the relationships between environmental quality 
and agricultural production. Therefore, emphasis is not placed on a 
detailed and complex physical model of sediment movement, but on the 
interface between the water quality system and the national agricultural 
economy. 
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Linking the various concepts involved in establishing a sediment 
water quality model uses the three distinct aspects of soil movement: 
sources, delivery, and transport. The sources of soil for movement to 
the river system were outlined previously. This subsection provides the 
linkage of the sources of sediment to estimated movement and loading in 
the river system. This highly simplified mechanism is approximated by 
using the concepts of delivery and transport ratios in proportion to the 
aggregated soil loss moving as suspended particles in the water. 
As specified in previous sections, the elementary sediment sources 
provide the residual substance to be evaluated in this model analysis. 
To make such evaluations, the sediment delivery system is specified in 
a form that models the natural hydrologic system. Three important as-
pects of the transport system are illustrated in Figure 7: the flow 
system, the delivery of sediment, and the transport of sediment. These 
basic concepts underly the sediment transport model. The model is an 
approximation procedure designed to link the necessary physical model 
of sediment transport with the economic production and technical infor-
mation of a large-scale interregional production model. 
Flow system 
An interregional flow system for water quality variables is used to 
link the producing areas of the economic model such that the interregional 
movements of sediment approximates the natural flow of the rivers. The 
streams of each PA are assumed to flow uniformly into downstream PA's 
Variable 
land use 
(cropland) 
_.,. 
Excess 
Cropland 
Erosion from 
Variable 
Land Use 
Sediment 
Delivery 
Ratio 
Total Sedi-
ment 
Delivered 
in region 
Sediment 
Transported 
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Figure 7. A schematic representation of the sediment transport 
submodel and the model control or policy variables 
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or oceans. This proposition seems reasonable since the PA's are based 
on river subbasins. Figure 5 shows the stream flow system used in this 
model. This flow system is based on the 105 PA's and the Soil Conserva-
tion Service's Atlas of Major Rivers (39). The dominant water flow of 
the stream is indicated by the direction of the arrow from one region 
to another or to an ocean. The Great Basin in the western United States 
has no interbasin flow. 1 
Delivery of sediment 
The entrapment of sediment in ditches, culverts, creeks, and small 
water storage structures constitutes an "inefficiency" in the movement 
of sediment as it flows toward the river system that is its final carrier. 
In fact, only relatively small amounts of the gross erosion ever be-
come a part of the instream sediment load of a major stream. To simulate 
this inefficiency, only a proportion of the total gross erosion is 
delivered downstream. This proportion is assumed fixed and applies 
only to the suspended sediment load being analyzed. Therefore, for 
each of the 105 PA's, a delivery ratio is used to determine the 
proportion of erosions from all sources that moves into downstream areas, 
either rivers or oceans. Each PA contributes to sediment loads as one 
of the inputs into the total load in PA's downstream. The significance 
of such loads is determined by the stream morphology and the total 
1 For purposes of this model, a delivery ratio is estimated for 
each PA in the Great Basin. However, the flow is simply to a basin 
accounting row, so the sediment restraints placed on the model can also 
apply to the Great Basin where erosion is an important problem. 
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downstream flow network. If sediment-trapping facilities, such as large 
reservoirs, are located on the downstream river reach, sediment con-
tributions move to that downstream structure and no farther. And, the 
importance of the erosion contribution from the original PA is of little 
importance to sediment outflow to the oceans. 
The internal physiology of a region determines the relevant 
delivery ratio. That is, regions of open lands with few trapping elements 
tend to have high delivery ratios. Regions with complex interlacings of 
roads, highways, and small stream structures have low delivery ratios. 
However, it is the areas with large numbers of trapping devices that 
suffer the most sediment damage, since deposited sediment must be removed 
from ditches, roads, and streams to allow normal drainage and commerce 
to take place. The delivery ratio also depends on the compositions of 
rainfall within the region. Small localized thunderstorms cause sub-
stantial erosion in desert regions, and the movement of the sediment to 
the stream system is significant since much of the sediment continues to 
flow to the stream. Aside from localized conditions of rainfall, the 
sediment delivery is affected by the land use and conservation practices 
of the region. If watershed programs or productive economic conditions 
have induced theconstructionof water storage ponds, the level of delivered 
sediment is smaller than in less controlled areas. 
Other local conditions also are important in establishing the delivery 
ratio of each watershed or region. For this model, conventional procedures 
for computing delivery ratios proved inadequate. 1 The extension of these 
lsee (1) for typical methods. 
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existing procedures to the large areas of this model is not desirable. 
Therefore, the delivery ratios for all PA's are estimated using data 
measured and computed in the PA itself. This process automatically brings 
many local variables and conditions into consideration when estimating 
delivery ratios. Table 2 gives the ratios used for each PA. The varia-
tions among regions are large and do not have a single formula for estima-
tion such as the one developed by Roehl (23). Another noticeable 
advantage of the computing procedure used in this study is that it is 
based on data similar to that used in the overall modeling procedure 
and, as such, is internally consistent. The derivation of the delivery 
ratios is given in the Appendix. 
Sediment transport 
Sediment transport refers to the movement of sediment within the 
mainstream of a river system. It is the movement of suspended sediment 
by the energy developed within the stream as water moves toward sea level. 
In an open stream channel with no water impoundments or cross-stream 
structures, most of the sediment that enters the region in the stream 
flows through and out of the region. In the more general case, sediment 
transport is the proportion of all sediment delivered to a river reach 
from upstream regions that flow from the region. In Figure 5, for example, 
sediment flows from PA 74 to PA 75. The sediment transport ratio for PA 
75 is the proportion of the sediment delivered from PA 74 that passes 
through PA 75 to the Gulf of Mexico. PA 74 has no transport ratio since 
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there is no sediment flow through the region and the movement of sediment 
is determined by the delivery ratio. All PA's that have such flow-
through also have transport ratios. Table 3 gives a list of transport 
ratios for these PA's. These ratios depend on the stream structures in 
each PA. (See the Appendix for details.) 
Table 3. Sediment transport ratios used in the sediment transport sub-
model 
Producing Sediment Producing 
Area Transport Area 
Ratio 
8 l.OOOa 59 
31 .513 60 
34 .735 63 
38 .001b 64 
40 .700 66 
41 .400c 68 
42 . 540 69 
43 .950 73 
44 1.oooa 75 
45 l.oooa 78 
46 1. oooa 79 
48 1.oooa 81 
50 .029 84 
52 .001 86 
53 .838 93 
55 1.oooa 95 
56 1.oooa 96 
57 1.oooa 
aNo mainstream structures in this PA. 
bMinimum sediment transport set at .001. 
Sediment 
Transport 
Ratio 
l.OOOa 
l.oooa 
.270 
.228 
.110 
.067 
1. oooa 
.026 
. 003 
.106 
.188 
.334 
.038 
. 016 
. 007c 
.256c 
1.oooa 
cAdjusted after personal telephone conversation with U.S. Army Corps 
of Engineers personnel. 
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Sediment Submodel: A Mathematical Statement 
The linear programming system links the elements of the physical 
system of sediment delivery and transport with the physical and economic 
interrelationships of previously developed models. There are many 
simplifying assumptions that make the framework accessible as a national 
planning system. Such assumptions ignore much of the technical detail 
of sediment transport and concentrate on the basic concepts of suspended 
sediment movement. Such a model is a tool applicable in analyzing the 
variations of planning policies in alternative futures. A mathematical 
statement of the sediment transport system summarizes the concepts of 
the model. 
Sediment delivery 
Sediment delivery is based on the concept and reality that only a 
proportion of erosion or soil loss actually arrives in the major rivers. 
This is illustrated in equation (10) which includes the sum of sources con-
trolled by the production or use activities of the land. Delivered sedi-
ment is available to be transported downstream. Thus, the following 
relationship between sediment sources and sediment delivered exists for each PA, 
D. 
1 
(10) 
where 
xijk 
5iJk = 
42 
acres of production activity k on land quality class j in PA i, 
tons per acre of gross soil loss from activity k on land quality 
class j in PA i, 
tons of gross soil loss in PA i for land uses 
not endogenous to the model, 
acres of idle cropl_and in land quality class j, 
tons per acre of gross soil loss from idle cropland of class j, 
proportion of gross soil loss that reaches the stream in 
PA i, 
= tons of suspended sediment delivered from PA i. 
Sediment transport 
D The delivered quantity of sediment, Xi, is assumed to behave according 
to the mechanics of the stream. That is, sediment once in the stream moves 
with the water and "obeys" the properties of the stream. This character-
1 istic is expressed by the following equation. 
where 
XT 
= k 
T. = 
1 
X~ = 
1 
[ I xl + /~i (11) 
the sediment delivered from the lth upstream PA directly into 
PA i, 
the sediment transported through an upstream PA k into the 
stream system of PA i, 
proportion of sediment moved to PA i's boundary which is trans-
ported through PA j, 
sediment transported through PA i. 
1The symbolism /-ti and k~i means "for all I (or k) contributing directly 
to i." 
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Basin sediment accounting 
-The total sediment load, Xi at the point of river basin outflow is 
(12) 
or the sum of sediment delivered from the last (or i 1 th)PA in the river basin 
and the sediment transported through the i 1 th PA. 
Equations (10), (11), and (12) form the basis for the linear programming 
model and the policy variations that are analyzed. Put into the more famil-
iar linear programming format these equations are (10)', (11)', and (12)' 
as follows. 
I I 8ijk Aijk + ~ A A _ _l.x n < -s ·* sij xij j k D. i 1 J 1 
(10) I 
I X D + I X T _...l:.xT < 0 
[-.i I K-+i K Ti i 
(11) I 
X.T + x.n = xi 1 1 
(12) I 
The variable Di and Ti are constants depending on the physiographic and 
hydrologic makeup of the PA. For this analysis the quantity on the right of 
equation (10) 1 is a constant depending on the geomorphology of the area and 
the use of land noncropland. 
The Objective Function 
The linear programming model has a cost minimization 
objective function as expressed in equation (1). The components of the 
objective function are the costs associated with crop and livestock pro-
duction and the transportation of these commodities among market regions. 
The objective is to produce the regionally demanded agricultural 
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commodities at minimum total national cost of production and transporta-
tion with all resources receiving their market costs. The individual 
components of the cost equation were discussed in previous sections. 
ALTERNATIVES ANALYZED 
The analysis of the study's model includes comparisons of each 
of the five linear programming solutions with a different type of 
restraint representing a sediment control policy or goal. The sedi-
ment controls are simulated to provide a mechanism for examining the 
trade-offs between the alternatives in environmental policy and the ef-
fects of these trade-offs on national and regional agricultural produc-
tion and income. Uniformity of the control is maintained at the national 
level for each policy alternative. The water quality policy alternatives 
are not restrained to single regions since the goals being examined are 
national in nature. Although the impacts of these national policies or 
goals vary by region, policy directives are pointed toward agriculture, 
not the erosion sources uneffected by a restrained cropland agricultural 
sector. 
The five scenarios of this study are: a) an unrestricted base 
solution (termed Unrestricted or Base Alternative), b) a solution that 
minimizes the total national sediment load (Minimum Sediment Alternative), 
c) a technology limiting solution (T-Limit Alternative), d) a solution with 
sediment loads restricted at each producing area (PA-Limit Alternative), and 
e) a solution with a limit on sediment loads at each river basin (River Basin 
Limit Alternative). Each of these solutions serves to represent a national 
goal in sediment load reduction. The sediment load restraints are placed 
45 
46 
on all regions equally, thus affecting the national composition of 
agricultural production by regions. 
In this section, each alternative is described and the policies 
and goals of each are explicitly detailed. The five alternatives 
named in the preceding paragraph do not all represent current policies 
or even policies available in concrete ways. Rather, some of the 
alternatives express goals. These are environmental goals, and the 
mechanisms for meeting them are the alternative technologies of agri-
cultural production and the variations in interregional crop production 
available to U.S. agriculture ,as discussed in the preceding sections. 
These goals can also be partially met by mechanisms not considered in 
this study, such as better controls on nonagricultural land, construc-
tion of extensive instream sediment traps and regionally specific en-
vironmental goals. However, for this study, the control of excessive 
sediment loads in our national rivers is assumed to lie in the enforce-
ment of policies to bring about shifts in the soil loss produced as a 
residual of agricultural commodity production. 
A brief description of each of the alternative goals is provided 
in this section, and each is described in terms of the restraints 
placed on the model, the potential impacts of the goals and policies 
simulated by the restraints, and the reasons for considering each of 
the five alternatives. All model runs are made for the year 2000 with 
an assumed population base of 262.4 million and constant consumer demands 
to maintain a consistent base for considering sediment control (44). 
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Unrestricted or Base Alternative 
This alternative simulates an idealized state of the agricultural 
production system in the sense that no restraints are placed on the sedi-
ment load of the nation's rivers. It is with this base that most com-
parisons with other alternatives are made. Crop and livestock production 
is not restrained in either location or quantity of production except 
as determined by each region's natural production capabilities, by the 
commodities demanded, and by the availability of the resources. From 
a wide range of agricultural production technologies, consumer demands 
are produced and transported at lowest total national cost. 
The sediment system in this alternative distributes the soil loss 
from an optimal state (under the market and physical resource restraints 
of the alternative) of agricultural land use to the stream system in a 
manner that closely simulates the current state of the rivers in the 
United States. These sediment movements are compared with the solutions 
for other alternatives as a measure of the environmental changes which 
result under simulated policies and goals. The Base Alternative does 
not simulate the historic sediment loads in the rivers because it is an 
alternative for the future. 
Minimum SedimE~nt Alternative 
This alternative evaluates the physical and economic impacts of 
severely limiting the total national sediment load deposited in the 
oceans surrounding the United States. This restriction is simulated by 
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minimizing the sum of all river basin sediment outflows from the United 
States at minimum total cost. This solution is a surrogate for an ex-
treme environmental enhancement policy directed toward sediment control 
from cropland sources. Minimum total national sediment load is produced 
only at the expense of extreme change in the agricultural production 
system. 
This alternative may not be a practical goal in environmental policy, 
but is a limiting alternative that produces extreme consequences. It 
gives a bound to the consequences of large-scale changes in agriculture 
to meet environmental goals under the added burden of meeting a fixed 
demand for agricultural commodities. The implications and consequences 
of this alternative are different from alternatives that simultaneously 
meet minimum environmental degradation but at each river outlet in the 
United States because it minimizes the sum of all outflows. 
T-Limit Alternative 
This run accumulates thesedimentloads in the river system with an 
identical pattern as does the Base Alternative. For this alternative, 
however, restrictions are placed on the technologies available for crop 
production. Technologies are limited to those that contribute no more 
than a specified amount of soil loss in tons per acre per year to the 
river system. The T-factor, which specifies the soil loss restrictions 
placed on this model, represents the tolerable level of soil loss for 
continued soil conservation by soil type and region. The restraints are 
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placed on all regions and all soil types and provide a simulation of 
practical methodologies, both physically and institutionally, of lessen-
ing stream sediment loads. The restraint is implemented by limiting 
soil loss per year from each soil group in each of the 105 PA's to the 
tolerable level for soil conservation. Limits to this level can be 
attained by either the crops grown or the production technologies (i.e., 
straight row farming, terracing, minimum tillage, etc., used). However, 
the principle area of impact is on the stream system, not on land con-
servation. 
PA-Limit Alternative 
This alternative requires the agricultural production system of all 
PA's to contribute the same proportion toward reduction of river sediment 
loads. The sediment load delivered from cropland for each PA in the 
United States is limited to 80 percent of the cropland sediment load of 
the Base Alternative (i.e., total sediment load from cropland sources in 
each PA must be reduced by 20 percent). A cost efficient production system 
is allowed within each PA subject to required environmental enhancement 
for that PA and for all other producing areas. The PA-Limit Alternative 
allows analysis of water quality restrictions when the restraint is placed 
on a subriver basin. It thus contrasts with the T-Limit Alternative 
which impacts directly on all individual producers. 
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River Basin Limit Alternative 
Sediment loads are limited at the outflow of each of the 18 majorriver 
basinsin this alternative. Each river basin's outflow from cropland sourcjes 
must be reduced 20 percent from the basin's outflow under the Unrestricted 
Alternative. The River Basin Limit Alternative reduces sediment loads 
at various points by shifting agricultural technologies and regional com-
parative advantages in all upstream PA's. The costs of such changes 
are minimal to consumers. To accomplish water quality improvements, pro-
duction technologies by locations are varied in upstream regions, but 
not equally at all PA's. Such a sediment control plan would need to be 
administered by a river basin planning commission or agency. 
Table 4 summarizes the five sediment control alternatives. The 
demand and exports are at the OBERS-E' level for all alternatives (44). 
The model used for these alternatives is based on a consistent 
aggregation of river subbasins into homogenous hydrologic river flow 
systems. Individual river systems are aggregated into the 18 major river 
basins shown in Figure 8 which are used as the reporting areas for sum-
marizing the alternative runs. 
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Table 4. Alternatives examined for national control of stream sedi-
ment loads in the major rivers and oceans, year 2000 and 
262.4 million population 
Alternative for 
Sediment Control 
Unrestricted or Base 
Minimum Sediment 
T-Limit 
PA-Limit 
River Basin Limit 
Description 
Unrestricted sediment 
load 
Minimize national 
sediment load 
Soil loss limited to 
conservation tolerance 
levels 
PA limit on agricultural 
sediment at 80 percent 
of unrestricted 
River Basin Limit on 
agricultural sediment 
at 80 percent of 
unrestricted 
Objective 
Minimize total cost 
Minimize total cost 
at minimum sediment 
load 
Minimize total cost 
Minimize total cost 
Minimize total cost 
Figure 8. The major river basins by county boundaries 
RESULTS OF THE ANALYSIS OF THE 
UNRESTRICTED ALTERNATIVE 
The Unrestricted Alternative is a base with which other alternatives 
in sediment control are compared. Sediment loads for the Unrestricted 
Alternative are traceable directly to each individual PA and its agricul-
tural production pattern. However, for comparison with other alternatives, 
the aggregation of the sediment load data is at the river basin and 
national levels. 
Five principle results are analyzed for the Unrestricted Alternative 
and show the spatial or interregional changes, the resource utilization 
changes, and the environmental impact on the imposed sediment controls. First, 
the sediment loads resulting from the technical and spatial utilization 
of lands through soil loss or erosion resulting from agricultural pro-
duction are analyzed, followed by analyses of land use and soil loss. 
The fourth area of analysis is the utilization of water and land in ir-
rigated agriculture. The final results discussed are the changes in the 
mix of commodities produced to meet the consumer demands placed on the 
agricultural system. 
Sediment Loads 
The river basin sediment outflows or loads are shown in Table 5 
both for the historic or actual data used in the development of the sedi-
ment transport model and for those simulated under the Unrestricted 
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Alternative solution. The loads are generally similar for most river 
basins. Hence, verification does exist that the Base Alternative simu-
lates actual sediment loads quite well. The estimated total sediment 
load of 415 million tons for the Unrestricted Alternative agrees reason-
ably well with the 491 million tons estimated by Curtis, et. al (7). It 
also agrees well with the 432 million tons of actual total sediment load 
flowing from all river basins of the United States. The 17-million-tons 
difference is due primarily to the model's use of optimal cropping systems. 
These have lower soil loss rates than cropping systems used in past agri-
cultural production and those used to calibrate the sediment transport systenl 
for the study. For example, more reduced or minimum tillage and terracing 
practices are used in the Base Alternative than prevailed over the 1960-
1969 period from which most of the sediment load data is taken. 
There is variance among individual river basins in the accuracy by 
which they estimate the actual 1960-1969 average sediment loads. The 
estimated sediment loads closely approximate the actual loads for all 
basins except the Missouri,. the Rio Grande, and the Lower Colorado. The 
model sediment load of the Missouri River Basinexceeds that of the 
actual data by a rather large amount. This basin is primarily agricul-
tural. It has large areas of potentially highly erosive loess soils and 
range land. For the Unrestricted Alternative, large quantities of crop-
land not required for crop production are located in the erosive areas 
near the Missouri River. This land erodes at higher-than-normal rates. 
Therefore, it delivers higher than normal sediment loads to the stream 
55 
system and increases the basin sediment load above those experienced in 
the 1960-1969 period. In the Lower Colorado and Rio Grande basins, two 
factors give rise to excessive sediment loads in the model estimates. 
First, erosion from noncropland sources is overestimated because of ex-
cessive rates of gully and channel erosion and the large acreages of 
land not used for crops. Secondly, the delivery and transport ratios of 
these two basins may not adequately reflect the impact of stream struc-
tures in trapping suspended sediment. However, total cropland is not 
large in these two basins since they are primarily desert lands. Poten-
tially erosive, these lands have little rainfall to induce soil movement. 
The sediment loss for most other river basins compare well with the 
historic levels. 
The relatively small underestimation of sediment loads in the 
Upper and Lower Mississippi River Basins can be attributed to the utiliza-
tion of less erosive cropping practices in the Unrestrictive Alternative 
as reduced tillage cropping practices are used more extensively in 2000 
than has occurred in the past. 
Sediment loads for the outflows of the individual PA's are given in 
Table 6. For all PA's where historic data are available, the estimated 
loads are compared to the actual loads. These sediment loads are the sum 
of the sediment delivered from each PA and the sediment transported 
through the same PA, if any. The PA-level sediment loads provide addi-
tional verification of the modeled sediment system. Most of the modeled 
sediment loads are close approximations of the actual data. Examination 
of the three river basins where estimated sediment load exceeded actual 
loads gives some additional insight into the problems of sediment esti-
mation in the three. For the Rio Grande Basin, the sediment loads are 
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closely estimated except for PA 81 which is the final outflow area from 
the basin. Erosion estimates and(or) sediment and transport ratios in 
this PA slightly overestimate the sediment load. For both the Rio Grande 
and Lower Colorado basins, cropland erosion is of minor consequence 
since most of the total land is in noncropland uses. In the Missouri 
River Basin, the sediment load estimate for PA 57 is close to actual 
data. However, the sediment load from PA 60 into which PA 57 flows is 
significantly overestimated, indicating that the erosion from sources 
in PA 60 is overestimated. This may indicate that the sediment trans-
port ratio for PA 60 is overestimated. However, the Missouri River 
Basin has a significant amount of unused cropland in the Unrestricted 
Alternative. This land contributes a higher-than-average soil loss per 
acre to the total sediment load. 
Sediment yield, defined as the suspended sediment delivered per square 
mile of drainage area , is mapped in Figure 9 for each PA. These estimates 
are based on the sediment deliveries from the individual PA's and repre-
sent the combined affect of cropland and noncropland erosion and the 
sediment delivery ratios on the sediment loads. The sediment yields are 
another representation of the aggregative effect of location and land use 
on sediment loads. These yields compare with average historic yields of 
495 tons per square mile for Atlantic regions, 259 tons per square mile 
for the entire Mississippi River Basin, and 157 tons for the Pacific 
Ocean areas (7). These initial comparisons of the Unrestricted Alternative 
with historical data provide the background from which the alternative 
futures for sediment control are compared. 
Sediment Yield 
c=:J 0 to 250 tons/square mile 
~ 250 to 500 tons/square mile 
[]]] 500 to 1,000 tons/square mile 
~ 1,000 to 1,500 tons/square mile 
1111 over 1,500 tons/square mile 
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Figure 9. Average annual sediment yield by producing area for the 
Unrestricted Alternative 
Erosion from Noncropland Sources 
Erosion from noncropland sources is extremely important in total 
sediment loads. Information on exogenous sediment load for each river 
basin in Table 5 aids in assessing the role of noncropland erosion. In 
nearly all river basins the total loads of sediment are determined more by the 
noncropland uses than cropland uses. The intensive cropland areas of the 
Midwest have the lowest percentage of total sediment load originating 
from noncropland sources. The Great Lakes Basin, with 66.4 percent of 
the total sediment load from noncropland sources, the Upper Mississippi 
with 55.1 percent, the Souris-Red-Rainy with 40.5 percent, and the 
59 
Missouri Basin with 57.4 percent, are the most intensively cropped 
agricultural basins. These erosion rates agree with levels expected 
from the historic regional distribution of agricultural production. In 
river basins of the western United States, most of the total load origi-
nates from exogenous noncropland sources. 
Additional information on exogenous noncropland uses is provided 
by river basins in Tables 7 through 9. Table 7 gives total cropland and 
noncropland acreages and soil loss. These values serve as illustrations 
of the importance of these two sources of erosion is assessing the role 
of noncropland erosion. In Tables 8, and 9, the noncropland acreages and 
total gross soil losses are given by land use type for each river basin. 
The method of distribution of soil losses among these sources is given 
in the Appendix. Each of these data sets illustrates the potential im-
pact of cropland erosion control in various regions of the United States. 
Figure 10 is a map of the percentage of sediment delivered in the Unre-
stricted Alternative that originates from noncropland sources by PA. 
These percentages are identical to the percentage of the total soil loss 
from noncropland sources since sediment delivery is proportional to soil 
loss. These highly significant percentages assess the potential effects 
of sediment control policies using agricultural cropland management as 
a process of eliminating excess stream sediment loads. It reveals that 
in many areas of the United States more than 80 percent of the total sediment 
land is from noncropland uses. Therefore, attempts to control sediment 
loads through agriculture have differing regional impacts on the 
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agricultural system. The midwestern states have the greatest potential 
for reducing sediment loads through cropland use. In the western states, 
the potential effects of cropland management on total sediment loads 
are small. These inherent regional differences are important when soil 
loss, sediment, and cropland agriculture are considered as control 
variables in water quality management. Nationwide, only 26.7 percent of 
the total sediment outflow to the ocean is from cropland. And, sediment 
originating from croplands cannot be completely eliminated because even 
under the best management systems some soil loss occurs. 
D 
• EJ 
m 
less than or equal to 
20 percent 
greater than 20 percent and 
less than or equal to 50 percent 
greater than 50 percent and 
less than 80 percent 
greater than 80 percent 
Figure 10. Proportion of total erosion from noncropland sources by 
producing area as estimated in the Unrestricted Alternative 
65 
Cropland Utilization 
The spatial and technical distribution of agricultural production is 
the primary determinant of agriculture's inputs to sediment load. This 
distribution includes the location of production, production of residuals, 
and the technologies used to produce agricultural commodities. 
The total national use of lands in crops is shown in Table 10 for 
the Unrestricted Alternative. The 308.8 million acres required to pro-
duce the endogenous crops under this alternative does not utilize the 
entire cropland base. A total of 55.5 million acres is available for 
other uses. 
The National Inventory (38) shows approximately 435 million acres of 
cropland in all cropland uses in 1967. However, adjustments in this 
base for lands reverting to noncropland use including exogenous crops 
reduces the total land base available for the endogenous crops to 364.3 
million acres. Average 1971-1973 acreage requirements for endogenous 
crops are estimated at 281.9 million acres (40). Therefore, the increase 
to 308.8 million acres in 2000 for the Unrestricted Alternative adjusted 
for 11.3 million acres of summer fallow land results in a net increase 
of 15.5 million cropland acres over the 1971-1973 average requirement. This 
increase is due partially to the larger population and export demands 
projected for the year 2000. 
Land use in the individual river basins is shown in Table 11 by crop 
type. Total land in row crops is much higher than for close-grown and 
hay crops in the Unrestricted Alternative. This freely competitive and 
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68 
environmentally unrestrained production system uses row crops to produce 
feed grains for meeting livestock demands. Row crop production is more 
erosive than close-grown or hay crops because of the greater impact of 
rainfall on the exposed land surface. These proportions of the land use 
in Table 11 show the regional and use distribution of land for an unre-
strained sediment sector. The intensity of row crops in the midwestern 
United States is emphasized by the 91 percent of cropped land in row crops in 
both the Tennessee and the Upper Mississippi River basins. The Ohio and 
South Atlantic-Gulf basins have 84 and 86 percent in row crops, respectively. 
Nationally, 61 percent of the cropped land is required for the generally 
more erosive row crops. Reduction of sediment loads depends especially 
on the reallocation of row crops, either regionally or by the production 
technologies used in producing them. In the Unrestricted Alternative, 
11.3 million acres are devoted to summer fallow, a technique that tends 
to be more erosive than rotation crop management systems, in the semi-
arid areas of the Great Plains and Pacific Northwest. 
A wide variety of crop production technologies is used in the Base 
Alternative. The national allocation of production to these various 
technologies and practices is shown in Tables 12 and 13 for the Unrestricted 
Alternative. The acreage totals shown in the first table indicate the 
predominate use of straight row and contour cropping in the production 
of agricultural goods. In addition, sizable acreages are used in both 
conventional and reduced tillage practices. The large acreages in 
reduced tillage exceed any current or past usage by a substantial number 
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of acres. This increase in reduced tillage to approximately 37.4 percent 
of the total cropped land represents a comparative advantage available 
and an optimization in the use of reduced tillage because of decreased 
cost and increased yields (12). 
The regional distribution of cropland acreag2s by tillage practice 
in Table 14 shows extremely large acreages in reduced tillage in the 
Upper Mississippi River Basin. These lands are used primarily in the 
production of corn and soybeans. In most other river basins, large acre-
ages of conventional tillage practices are used to produce the required 
crops. 
Table 15 gives the distribution of active croplands by land quality 
class. Class I and IIelands are used primarily to grow the required 
crops because of their advantage in higher yields and low costs. Con-
siderable soil loss accompanies this production. Potential erosion from 
use of Class I and II land is high under intensive cropping. However, 
the potential for improvement also is high. Since the alternative is 
unrestrained in soil loss or sediment load, the erosiveness of the crop-
land does not determine the use of this load. 
Lands not required for crop production primarily occupy Class III, 
IV, VII, and VIII, classes which have both high erosion capacity and 
low yields relative to Class I and II lands. 
Soil Loss 
The soil losses associated with crop production are the determinants 
of sediment loads from cropland sources. These losses are partially 
T
ab
le
 
14
. 
T
ot
al
 
c
ro
pp
ed
 
la
nd
s 
a
n
d 
s
o
il
 l
os
s 
by
 t
il
la
g
e 
pr
ac
ti
ce
 a
n
d 
r
iv
er
 b
as
in
 f
or
 t
he
 
T
Jn
re
st
ri
ct
ed
 A
lt
er
na
ti
ve
a 
R
iv
er
 
B
as
in
 
Ne
w 
E
ng
la
nd
 
M
id 
A
tl
an
ti
c 
S.
 A
tl
an
ti
c-
G
ul
f 
G
re
at
 L
ak
es
 
O
hi
o 
T
en
ne
ss
ee
 
U
pp
er
 M
is
si
ss
ip
pi
 
Lo
w
er
 M
is
si
ss
ip
pi
 
So
ur
is
-R
ed
-R
ai
ny
 
M
is
so
ur
i 
A
rk
. -
W
hi
te
-R
ed
 
T
ex
as
-G
ul
f 
R
io
 G
ra
nd
e 
U
pp
er
 C
ol
or
ad
o 
Lo
w
er
 C
ol
or
ad
o 
G
re
at
 B
as
in
 
C
ol
. -
N
. 
P
ac
if
ic
 
C
al
if
or
ni
a 
U
.S
. 
T
ot
al
a 
C
on
ve
nt
io
na
l 
T
il
la
ge
 
R
es
id
ue
 R
em
ov
ed
 
T
ot
al
 
T
ot
al
 
La
nd
 U
se
 
S
oi
l 
L
os
s 
(0
00
 a
c
re
s
) 
(0
00
 t
o
n
s)
 
45
0 
25
3 
1,
95
8 
64
8 
73
5 0 
2,
20
6 
53
7 0 
13
,0
41
 
5,
23
0 
4,
68
2 
67
5 
87
3 
95
8 
1,
41
4 
10
,6
98
 
3,
93
4 
48
,3
08
 
85
7 
1,
34
3 
49
,2
83
 
3,
13
9 
3,
69
3 0 
20
,6
92
 
1,
33
3 0 
10
0,
99
4 
22
,0
25
 
25
,4
04
 
3,
04
4 
1,
62
8 
56
2 
4,
00
3 
42
,9
09
 
3,
06
4 
27
9,
99
2 
C
on
se
rv
at
io
na
l 
T
il
la
ge
 
R
es
id
ue
 L
ef
t 
R
ed
uc
ed
 T
il
la
ge
 
T
ot
al
 
T
ot
al
 
T
ot
al
 
T
ot
al
 
La
nd
 U
se
 
S
oi
l 
L
os
s 
La
nd
 U
se
 
S
oi
l 
L
os
s 
(0
00
 a
c
re
s
) 
(0
00
 t
o
n
s)
 
(0
00
 a
c
re
s
) 
(0
00
 t
o
n
s)
 
0 
2,
 77
7 
10
,4
11
 
1,
88
4 
2,
 71
2 
1,
94
3 
3,
28
0 
11
,8
05
 
17
,1
01
 
50
,1
02
 
28
,7
89
 
13
,1
59
 
56
8 0 40
 0 0 
29
6 
14
4,
88
2 
0 
24
,1
62
 
11
9,
44
7 
11
,9
87
 
20
,9
72
 
13
,2
94
 
23
,2
45
 
10
8,
01
3 
23
,9
90
 
69
,2
57
 
97
,7
81
 
73
,7
11
 
2,
41
5 0 12
 0 0 
34
7 
58
8,
64
9 
0 
4,
69
5 
5,
40
5 
16
,7
91
 
22
,7
57
 
32
3 
51
,4
22
 
4,
36
5 0 
7,
87
0 
1,
97
4 0 0 0 0 0 0 0 
11
5,
61
3 
0 
17
,2
77
 
29
,3
19
 
41
,1
03
 
83
,6
20
 
57
5 
27
9,
72
3 
87
,1
59
 0 
11
7,
00
2 
3,
96
1 0 0 0 0 0 0 0 
65
9,
74
9 
a
T
ot
al
s 
m
ay
 n
o
t 
a
dd
 b
ec
au
se
 o
f 
c
o
m
pu
te
r 
ro
u
n
di
ng
. 
-
.
.
.
! 
f-
' 
T
ab
le
 1
5.
 
T
ot
al
 c
ro
pp
ed
 l
an
ds
, 
to
ta
l 
s
o
il
 l
os
s,
 a
v
e
ra
ge
 s
o
il
 l
os
s,
 a
n
d 
c
ro
pl
an
d 
n
o
t 
u
se
d 
fo
r 
c
ro
ps
 b
y 
la
nd
 q
ua
li
ty
 c
la
ss
 f
or
 t
he
 U
nr
es
tr
ic
te
d 
A
lt
er
na
ti
ve
 
La
nd
 
Qu
al
ity
 
C
la
ss
 
I li
e 
li
s,
 l
ie
, 
Il
w
 
Il
le
 
Il
ls
, 
Il
lc
, 
II
Iw
 
IV
e 
IV
s,
 I
V
c,
 I
Vw
 
a
ll
 o
f 
V
 
a
ll
 V
I, 
V
II
, 
&
 V
II
I 
u
.s
. 
T
ot
al
 a 
(1
) 
(2
) 
(3
) 
(4
) 
(5
) 
(6
) 
(7
) 
(8
) 
(9
) 
C
ro
pp
ed
 
La
nd
s 
(0
00
 a
c
re
s
) 
34
,2
01
 
76
,2
16
 
81
,9
36
 
59
,3
12
 
37
,5
90
 
15
,8
01
 
2,
42
4 20
 
1,
29
6 
30
8,
80
8 
So
il
 
Lo
ss
 
(0
00
 t
o
n
s)
 
22
2,
37
4 
25
8,
01
0 
23
1,
02
2 
41
7,
63
4 
23
4,
07
8 
14
7,
05
5 
10
,6
14
 
14
 
7,
59
5 
1,
52
5,
39
6 
a
T
ot
al
s 
m
ay
 n
o
t 
ad
d 
be
ca
us
e 
o
f 
c
o
m
pu
te
r 
ro
u
n
di
ng
. 
A
ve
ra
ge
 a
n
n
u
a
l 
So
il
 L
os
s 
o
n
 
C
ro
pl
an
ds
 
(to
ns
/a
cr
e)
 
6.
5 
3.
4 
2.
8 
7.
0 
6.
2 
9.
3 
4.
4 
.
7 
5.
9 
4.
95
 
C
ro
pl
an
d 
N
ot
 
U
se
d 
fo
r 
C
ro
ps
 
(0
00
 a
c
re
s
) 
18
1 
88
8 
2,
24
4 
8,
27
3 
10
,8
62
 
12
,9
48
 
5,
 71
1 
90
0 
12
,5
34
 
55
,5
50
 
""
"'
 
N
 
73 
illustrated by the data on sediment loads presented in Table 5. The 
emphasis here, however, is now on the specific cropland uses that affect 
both soil loss and sediment loads. The 1.5 billion tons of gross soil 
loss from croplands in this Base Alternative represent a national aver-
age soil loss per acre of 4.95 tons per acre for land in crops. 
This national average is distributed in several ways that illustrate the 
impact of sediment loss in the various regions of the United States on sediment 
loads from agriculture. For example, Table 10 shows the high soil loss in the 
South Atlantic-Gulf and the Lower Mississippi River basins of 10.9 and 
11.8 tons per acre, respectively. Erosion on soils of the southeastern 
United States is accentuated by extensive use of row crops (Table 11), 
and conventional tillage (Table 12) practices. In the arid Southwest, 
soil loss rates average only .6 and .8 tons per acre in the Lower Colorado 
and California-South Pacific basins, respectively. In the Corn Belt 
areas of the Upper Mississippi and Ohio river basins, average rates of 
5.7 and 4.1 tons per acre are somewhat lower than expected under 1975 
soil conditions and tillage practices. The lower rates result from 
the large use of reduced tillage under the model alternative (Table 12). 
The Texas-Gulf and Missouri river basins also have lower than expected 
soil loss rates. In the Texas-Gulf the smaller average soil loss results 
from large acreages under reduced tillage practices in the model (Table 
12). The average soil loss rates for crops produced under conventional 
tillage practices residue removed and residue left, in the Upper Mississippi 
River Basin are 9.4 and 7.1 tons per acre, respectively--rates substantially 
74 
greater than under reduced tillage. In the Texas-Gulf and Missouri 
river basins, average annual soil loss is reduced by the use of contour-
ing, strip cropping, and terracing. This is illustrated in Table 12 
which shows the total soil loss from each river basin by conservation 
practice. 
The regional distribution of average annual soil loss is further 
illustrated in Figure 11 which gives the average soil loss rate by PA. 
Comparing this figure to Figure 9 provides some additional insight into 
the erosive potential of the various agricultural regions of the United 
States. The South and Southeast have the highest soil loss rates. Sub-
stantially lower rates exist for the western states except for the highly 
productive agricultural areas of the Columbia-North Pacific River Basin. 
Water and Irrigated Cropland Use 
This analysis does not emphasize irrigation water supplies in relation 
to land use. However, irrigation resources provide some interesting pos-
sible trade-offs that can be implemented to help solve sediment pollution 
problems. Irrigated land and water resources are important in meeting 
commodity demands when sediment controls are applied since the irrigated 
land of western states is less erosive than the cropland of the Midwest 
and South. 
In the Unrestricted Alternative, irrigated croplands are utilized 
in all western river basins that have irrigation lands and water. Table 
16 shows the use and soil loss experienced for irrigated land. The 23.6 
75 
million acres denoted by the model is somewhat less than the 34.8 million 
acres in irrigated crops in 1967 (38). This decrease in irrigated acre-
age for the model results from the comparative disadvantage irrigated 
agriculture experiences in an unrestrained economy from added water costs. 
Water costs, relative to the increase in yield from the added water 
places some irrigated crop areas at a disadvantage. In many of these 
areas excess land for irrigation is utilized in the production of nonir-
rigated crops. The use of irrigated lands for nonirrigated crops is ex-
tremely important in the Texas-Gulf River Basin (Table 16). The total 
irrigated land not used for crops is only 3.1 million acres, a small par-
tion of the 55.5 million acres for the nation. Similarly, the total 
soil loss of 73.6 million tons from irrigated agriculture is only 5 per-
cent of the national cropland erosion of 1.5 billion tons. 
c::J 0 to 3 tons/acre 
OJI] 3 to 6 tons/acre 
[I[] 6 to 9 tons/acre 
~ 9 to 15 tons/acre 
1111 over 15 tons/acre 
Figure 11. Average annual cropland soil loss by producing area for the 
Unrestricted Alternative 
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Water use in irrigated crop production is shown in Table 17 for 
the Unrestricted Alternative. The total annual irrigation withdrawals 
from surface water of 81.0 million acre-feet and 4.0 million acre-feet 
from depletable ground water does not place any area at the limit of 
available water for crop production. The utilization of interbasin water 
transfers is exceedingly small, and most regions consume water from 
within the river basin. This reflects the relatively low demands placed 
on agricultural production in the Unrestricted Alternative. 
Commodity Production 
The demands for agricultural commodities are fixed for all of the 
alternatives considered in this study (17). However, the agricultural 
production processes used to produce these goods are not fixed. These 
variations in production processes are illustrated in part by the land 
use analysis of the previous sections. However, the composition of agri-
cultural production also changes in the mix of intermediate goods utilized 
to produce the livestock commodities demanded by consumers and by the 
regional comparative advantage of individual crops. These changes inter-
act to reduce alternative sediment loads when the model is restrained by 
goals and policies in sediment control as represented by the alternative 
scenarios. 
The production of major crop commodities for the Unrestricted 
Alternative is compared to 1973 production levels in Table 18. Although 
some variations in accounting exist, both acreages and production variables 
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can be compared. Large gains for year 2000 are shown in acreage and 
production of legume hays, soybeans, and sorghum silage from the 1973 
levels. These increases result from the year 2000 commodity denmnd 
structure specified in the model. Demands have increased for exports of 
soybeans and livestock feeding efficiencies for 2000 are substantially 
different. National corn production increases while total 
acres in corn decreases, reflecting increases in average corn yield 
relative to the smaller proportional increase in demand. This same 
condition exists for cotton and barley. Wheat acreage and production 
are both lower than in 1973, reflecting the high export levels experienced 
in 1973. Somewhat lower average export conditions are projected to 
exist in 2000. 
Use of crop commodities in production of livestock is a considerable 
proportion of the national production of most commodities. Table 19 
shows that annual requirements of 4.2 billion bushels of corn and 696.8 
million tons of oilmeals are primary inputs into livestock production. 
This level of livestock inputs also requires 389.5 million tons of silage. 
Both the corn and silage are produced primarily in the Corn Belt regions 
of the Midwest, as are the livestock commodities. Table 20 shows the 
production of crop commodities by the river basins. The comparative 
advantages of the various regions are specifically shown for some crops 
in these tables which give the acreages for the individual crops by river 
basin. 
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Table 19. Use of produced commodities in the production of livestock for 
the Unrestricted Alternative 
Commodity 
Corn 
Sorghum 
Barley 
Oats 
Wheat 
Oilmeals 
Legume hay 
Nonlegume hay 
Silage Pasture 
Pasturea 
Unit 
bu. 
bu. 
bu. 
bu. 
bu. 
tons 
tons 
tons 
tons 
tons 
aHay equivalent. 
Resources Used in Livestock 
Production 
(thousand units) 
4,175,018 
454,060 
312,395 
317,593 
69,542 
696,758 
188,636 
180,244 
389,474 
154,491 
Specific regional changes show a large reduction in the corn acreage 
in the Missouri River Basin. This decrease is accompanied by the in-
crease in land not used for crops shown in Table 10. The production of 
corn increases substantially in both the Upper Mississippi and the Ohio 
river basins. Other major interregional shifts in production are in 
cotton, where the Texas-Gulf Basin absorbs most of the national decrease 
in required acres. This basin also has large acreages in cropland not 
used for crops. Soybean acres increase uniformly among the regions for 
a doubled acreage of the crop. Wheat shows a regional pattern very 
similar to 1971-1973, with the exception of the Missouri River Basin 
which has a reduction of 8 million acres. This reduction is made 
up, in part, by a 5 million acre increase in the Souris-Red-Rainy Basin. 
Oat acreage decreases since other crops dominate feed grains required 
and domestic and export demands for oats are low. Sugar beet production 
is more concentrated in the Unrestricted Alternative than in 1973 actual 
acreage. 
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The national average yields of each crop show trend changes for 
the Unrestricted Alternative (Table 21). These yields reflect more ex-
plicitly structural changes built in the model. The increases in crop 
yield are large for some crops because of the technical advance in crop 
breeding and because the most competitive crops are produced on the 
highest quality lands available with higher yields. Therefore, consider-
able increases in the national average yields of corn, soybeans, barley, 
and oats are expected in the year 2000. The combination of high yields 
from better lands and the technical expansions in crop breeding, crop 
fertilization, and crop production techniques produce substantially 
higher average yields. Sediment control alternatives that limit the 
types of cropping technologies applied in various regions also decrease 
average national yields. 
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. 
ALTERNATIVE AGRICULTURAL PRODUCTION METHODS AS 
A CONTROL FOR STREAM SEDIMENT LOADS 
The alternative evaluated using the sediment transport model are 
designed to show the potential changes in stream sediment loads that 
result from modifications in the agricultural production system. Re-
duced sediment loads are a result of the regional comparative advan-
tage initiated by sediment control restraints which force changes in 
the regional technical composition of agricultural production. [Those 
regions of the country that are least adversely affected by the environ-
mental controls placed on sediment loads gain farm production at the 
expense of both the consumer and the producers of other regions.] The 
changes forced on agriculture by alternative sediment goals affect 
income and productivity of farmers of each region differently. Thus, 
comparative advantage in the production of crop residuals is the con-
trolling economic condition interregionally within (a) the resource 
availability structure of each region and (b) the set of agricultural 
technologies available to the region. The use of the low erosive tech-
nologies of crop rotations, tillage practices, and conservation prac-
tice produces less erosion to be transported from each region. These 
erosion reduction activities are the core of sediment control in 
agriculture. 
From a policy standpoint, controls on the environmental effects of 
agricultural production are not easily quantifiable. Simply specifying 
a uniform code of acceptable farm residual discharge levels cannot deal 
85 
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with the inequities produced by the changing economic advantage of the 
various production systems and regions. The alternatives considered 
in this section quantify national environmental goals within the frame-
work of a spatially competitive economic model. Therefore, each alter-
native expresses a national goal in a way that notes the regional dif-
ferences in resource availability and erosion potential. 
This section attempts to answer some of the questions relevant to 
potential environmental goals. It compares the model solutions for 
several alternatives in controlling sediment to the Unrestricted Alter-
native. These comparisons are for sediment loads, soil loss, water 
supplies, land utilization, and commodity production. The changes are 
intraregional in the sense that the composition of commodities produced 
and the required inputs and technologies are altered for each region as 
each sediment restraint is imposed. Similarly, interregional changes 
in land utilization result from restrained sediment loads. The loca-
tional changes in production initiate other economic problems of concern 
to agriculture, particularly in the area of farm and regional income and 
resource utilization. 
Sediment Loads 
The central purpose of this analysis is to evaluate alternatives 
for the control of sediment loads through the agricultural system. fhe 
total national suspended sediment load for the four alternative controls 
and the Unrestricted Alternative are shown in Table 22. The total sediment 
load is reduced from the base level (the Unrestricted Alternative) for 
all other alternatives considered for sediment control. 
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Minimum Sediment Alternative 
The Minimum Sediment Alternative requires sediment loads to be 
reduced to the minimum level possible using the production alternative 
of the model while still meeting national demands at minimum total cost. 
This dual minimization requires first, minimizing total sediment load 
in the model, and second, minimizing total national cost while meeting 
the minimum total sediment load. The 318 million ton total national 
sediment represents a reduction of 23.4 percent in the total sediment 
load from the Unrestricted Alternative or a reduction of 90.7 percent in 
the sediment load contributed by cropland agriculture. The absolute 
minimum sediment load, if all erosion from cropland could be stopped, 
is 308 million tons per year. This is the sediment load from all sources 
exogenous to agricultural crop production. However, this level of load 
is not attainable even in the Minimum Sediment Alternative. The total 
load for the Minimum Sediment Alternative shows that much of the stream 
sediment load from cropland agriculture can be eliminated. The minimum 
sediment load results in substantial changes in the agricultural economy 
in terms of cropland utilization, production technologies, and cost of 
producing the national demand of agricultural commodities. These 
structural changes in agriculture, as emphasized in other parts of this 
analysis, would substantially reduce the sediment loads of the river 
system and thereby, potentially reduce many of the costs associated 
with sediment as a pollutant under the assumption of the model. How-
ever, the national cost of reducing sediment load, may exceed the 
amount society is willing to pay to improve the environment. 
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On the individual river basin level, changes in river basin sedi-
ment loads, shown in Table 22, give the reductions required to meet the 
minimum national sediment load. Since the total national load is com-
puted as the sum of the sediment outflow from the United States, the 
individual basins are not minimized, but rather the total national flow 
is. This restraint results in some interesting alterations in river basin 
sediment loads. Although no individual basins experience increase in 
sediment loads carried, some river basins that are not substantial con-
tributors to total sediment load, do not decrease substantially. Vari-
ations are illustrated in Figure 12 and Table 23. The table gives the 
sediment yield in tons per square mile per year for each river basin. 
Under the Minimum Sediment Alternative the sediment yields are reduced 
in all river basins in the United States. Figure 13 shows the changes 
by PA. The major decreases in sediment yield are in the Missouri, the 
Upper Mississippi, and the Souris-Red-Rainy river basins. The first 
two basins are historically large contributors to total sediment loads, 
since large amounts of the produced sediment flows directly into the Missis-
sippi River and is transported to the Gulf of Mexico. In addition, the 
potential for change in sediment contributions through modified crop 
production systems is much more substantial in these areas than in any 
other except the Souris-Red-Rainy River Basin. In this basin, sediment 
contributions are added directly to the national total sediment load, 
since the basin's outflow is from the United States. Therefore, the 
reductions in sediment load madeinthis river basin impact immediately on 
• 0 
IZJ 
lllll 
m 
increase 
0-10 percent decrease 
l0-20 percent decrease 
20-JO percent decrease 
over 30 percent decrease 
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Figure 12. 
Change in average annual sediment load for the MinimUm 
Sediment Alternative from the Unrestricted Alternative 
by river basin 
Change in Sediment Yield 
• ~
~ 
GJ 
0 
increase 
no change 
l to 20 percent decrease 
21 to 40 percent decrease 
greater than 40 percent decrease 
Figure 13. 
Change in sediment yield for the Minimum Sediment Alternative 
from the Unrestricted Alternative by producing area 
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the national total. Hence, the potential impact of modifying crop pro-
duction systems is very high. 
In other areas of the country, the reductions are not as great. 
The Lower Mississippi, Arkansas-White-Red, and the Texas-Gulf river 
basins show substantial changes in sediment yield. However, the poten-
tial reduction of river basin sediment load for these areas is not as 
high as in those of the upper Midwest. This difference is apparent in 
the last column of Table22. It shows the percentage of sediment load 
originating from noncropland sources in each basin under the Unrestricted 
Alternative. 
The shifts required for the Minimum Sediment Alternative are further 
indicated in Figure 13. It shows the change in sediment yield by PA 
from the Unrestricted Alternative to the Minimum Sediment Alternative. 
Greatest reductions again occur in the upper Midwest. The PA's with the 
largest change in sediment loads are those which have the largest numberof 
cropland acres and land susceptible to erosion (see Figure 10). 
The Unrestricted and Minimum Sediment Alternatives set lower and 
upper bounds on levels of control available through agriculture. The 
other alternatives offer alternative approaches to intermediate levels 
of control. We now discuss outcomes for them. 
T-Limit Alternative 
This alternative places restraints directly on the farmer. For the 
T-Limit Alternative, where crop production systems are limited to those 
that have average soil loss levels not exceeding a conservation-renewal 
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or T-level, total national sediment load is reduced 9.4 percent to 
376 million tons per year from the Unrestricted Alternative (see Table 
22). This reduction in sediment loads shows the impact of a direct 
limit on production technologies. The soil loss limits for the farmer 
reduce the available options for crop production. Eliminated are some 
of the more erosive techniques such as conventional tillage and straight 
row practices. The eliminated technologies have low cost relative to 
the technologies which now must be used. This shift has a significant 
economic impact on the agricultural system as cost of supplying food 
to the consuming public increases. 
For individual river basins, changes in total sediment load vary by 
the type and intensity of crop production and farming practices which 
remain in use on the soil groups that make up the PA's and the basins. 
The total sediment load at the point of outflow for each river basin 
was shown in Table 22. For the T-Limit Alternative, reductions in sed-
iment loads are not uniform and one basin has an increase in sediment 
load. Changes in sediment load vary from a 2.7 percent increase in the 
Rio Grande Basin to a 24.8 percent decrease in the Upper Mississippi 
River Basin. These differences are further illustrated in Table 23 
which gives the sediment yield for all lands, and Figure 14 which mea-
sures changes in sediment load from the Base Alternative. Eliminating 
the less costly but more erosive production technologies from the areas 
of the upper midwestern United States substantially reduces the sediment 
loads in these river basins and, aggregatively, in the Lower Mississippi 
94 
• increase 
0 0-10 percent 
GJ 10-20 percent decrease 
aJ] 2u-30 percent decrease 
I££B over 30 percent decrease 
Figure 14· Change in average annual sediment load for the T-Limit 
Alternative from the unrestricted Alternative by river 
basin 
Change Sediment Yield 
• increase 
d no change 
~ 1 to 20 percent decrease 
CZJ 21 to 40 percent decrease 
t::J greater than 40 percent decrease 
Change in sediment yield tor the T-Limit Alternative from 
the Unrestricted Alternative bY producing area Figure 15. 
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River Basin where the sediment load is reduced by 11.3 percent. The 
T-Limit has less control in reducing sediment load in eastern states 
and in the Arkansas-White-Red and Texas-Gulf river basins where the levels 
of reduction are from 2.3 percent to 9.5 percent. The sediment load in-
creases by 2.7 percent in the Rio Grande Basin. In the western states, 
particularly the arid southwest, the impact on sediment loads is very small. 
Little reduction in sediment loads occur in western basins for two 
reasons. First, large portions of these areas are not cropped and are 
affected but little as sediment limits are placed on cropland production 
technologies (Figure 10). Second, the areas are primarily arid. The 
model thus retains most of the production technologies in the West that 
are used in the Unrestricted Alternative. This regional immunity to soil 
loss control is a case of locational advantage. The advantage is such 
that sediment production in the Rio Grande River Basin increases because 
of greater cropping intensity to meet national food demands as other 
basins decrease in intensity. 
Sediment yield by individual FA's is shown in Figure 15 for the 
T-Limit Alternative. The change in sediment yield is more uniform across 
the eastern and midwestern states than in the West. 
FA-Limit Alternative 
The FA-Limit Alternative, imposed at the subriver basin level, 
impacts less directly on the individual farmer than the T-Limit Alternative. 
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The PA-Limit Alternative allows the crop production alternatives to be 
selected in terms of reduction in sediment load from the levels resulting 
in the Unrestricted Alternative for each PA. (Under the T-Limit 
Alternative, each farmer would have to attain the specified erosion 
control measure on each land class.) The PA-Limit Alternative reduces 
both the river basin and national total sediment loads by restraining 
the sediment load proportionately in all PA's. The total national 
sediment load for this alternative is 294 million tons annually, a re-
duction of 5.1 percent from the total sediment load for the Unrestricted 
Alternative. This reduction is made at relatively low cost both in 
terms of shifts in production location and cropping technologies and in 
costs to consumers. The changes again vary by river basin. Sediment 
loads and yields for each basin are shown in Tables 22 and 23. As shown 
in Figure 16 only small changes from the Unrestricted Alternative take 
place in river basin sediment loads, except for the Souris-Red-Rainy 
Basin where the one PA is also the river basin. The potential for sed-
iment load reduction is exceptionally high in this area, as noted in 
the discussion of the previous alternative. 
Sediment loads are distributed differently among the PA's in the 
PA-Limit Alternative than in the Unrestricted Alternative. Changes from 
the Unrestricted Alternative are shown in Figure 17. Small changes of 
from 1 to 10 percent occur in the sediment load for all PA's except in 
the Colorado and Great basins which are essentially unchanged. 
• increase 
r::J 0-10 percent 
[I[] 10-20 percent decrease 
[[!] 20-30 percent decrease 
m over 30 percent decrease 
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Figure 16. Change in average annual sediment load for the PA-Limit 
Alternative from the Unrestricted Alternative by river 
basin 
Change Sediment Yield 
• ~
• Eill 
D 
increase 
no change 
1 to 20 percent decrease 
21 to 40 percent decreasp 
~reater than 40 percent decrease 
Figure 17. Change in sediment yield for the PA-Limit Alternative from 
the Unrestricted Alternative by producing area 
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River Basin Limit Alternative 
The fifth alternative in sediment control, imposed at the river 
basin level, is the River Basin Limit Alternative. This alternative 
requires a 20 percent reduction below the Unrestricted Alternative sed-
iment load at each river basin outflow. The composition of agricultural 
production, the crop technologies used, and the distribution of sediment 
sources within the river basins are not restrained. This alternative 
simulates a goal of reducing sediment load at specific control points 
identified as river basin outflows. 
The national sediment load for this alternative is nearly identical 
to the total load for the PA-Limit Alternative. This alternative has 
a reduction of 5.1 percent in total load and 20 percent in the cropland-
originated load as compared to the Unrestricted Alternative. 
Changes in the river basin sediment load between the Unrestricted 
Alternative and the River Basin Limit Alternative are shown in Figure 
18. Substantial changes occur in sediment loads for the three river 
basins of the upper Midwest. These are basins which have the highest 
potential for sediment control in agriculture. The 20 percent reduction 
in agricultural contributions to the sediment load in each river basin 
reduces the total sediment load of the Mississippi River at St. Louis, 
Missouri by 12.3 percent. This reduction includes a 13.2 percent re-
duction in total basin sediment load for the Missouri River Basin. 
Other areas experience small reductions similar to those of the PA-Limit 
Alternative. The more significant impactin the upper Midwest results from 
• increase 
c=J 0-10 percent decrease 
[IT]] 10-20 percent decrease 
rroa 20-30 percent decrease 
~ over 30 percent decrease 
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Figure 18. Change in average annual sediment load for the River Basin 
Limit Alternative from the Unrestricted Alternative by 
river basin 
Change Sediment Yield 
• increase 
m no change 
• 1 to 20 percent decrease 
[[[] 21 to 40 percent decrease 
c=J greater than 40 percent decrease 
Figure 19. Change in sediment yield for the River Basin Limit 
Alternative from the Unrestricted Alternative by producing 
area 
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use of croplands which were not used for crops in the Unrestricted 
Alternative thus reducing the erosion from these lands. 
The sediment yields at the PA level shown in Figure 19 for the 
River Basin Limit Alternative have more variation than do those of the 
PA-Limit Alternative. There is more freedom for interregional shifts 
to allocate production to the specific areas of higher productivity in 
the River Basin Limit Alternative. 
Cropland Utilization Under Sediment 
Control Alternatives 
The crops grown and technologies used for growing them determine 
the sediment load of each area of the United States. These land uses 
are summarized by national and regional total usage, application of con-
servation and tillage practices, and use of land in each quality class 
for the sediment control alternatives. 
Minimum Sediment Alternative 
Table 24 gives the total land planted to crops for the five 
alternatives. The total cropped land increases greatly for the Minimum 
Sediment Alternative, 17.5 percent over the Unrestricted Alternative. 
Greater acreage is required to offset yield decreases caused by shifts 
to the less erosive crops and conservation and tillage practices. Ex-
panded land requirements are met from lower quality lands. Hence, more 
acres are required. 
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The regional aggregations of cropland into the four general 
categories of row crops, close-grown crops, all hay crops, and summer 
fallow are shown in Table 25 by river basins. Comparison of this table with 
Table 11 for the Unrestricted Alternative shows large interregional 
shifts in crop production required to meet the commodity demands under 
the Minimum Sediment Alternative. Major increases in row crops occur 
in the Souris-Red-Rainy, Missouri, Arkansas-White-Red, Great Basin, 
and California-South Pacific basins while decreases greater than 25 per-
cent occur in the New England, Great Lakes, Ohio, Upper Mississippi, 
and the Lower Colorado basins (Figure 20). These changes for the Minimum 
Sediment Alternative result from shifts to hay and close-grown crops in 
the river basins with erosive soils. In basins of the West with less 
erosive soils, more land is shifted to row crops. The decrease in row 
crops in the Lower Colorado Basin results from an increased requirement 
for hay forage and small grains in greater livestock production there 
under the Minimum Sediment Alternative. Expansion of close-grown and 
hay acreages are greatest in the Missouri Basin, as close-grown, hay, and 
row crops expand into the large areas of cropland not used for crops 
in the Unrestricted Alternative. In the Upper Mississippi River Basin, 
the increase in close-grown crops accompanies a decrease in the use of 
row crops. 
The use of crop production technologies in the Minimum Sediment 
Alternative to reduce the level of sediment loads augment the regional 
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and land use variations previously specified. In the Minimum Sediment 
Alternative, the shift of cropland usage to reduced tillage and terracing 
practices dominates the production technologies to reduce the sediment 
load as shown in Table 26. The main increase in use of straight row 
technology is in the western basins. The data of Tables 27 through 29 
show that extreme changes in land use toward reduced tillage practices 
are required to lower national sediment load by 25 percent under the 
Minimum Sediment Alternative. 
1111 25 percent or more 
increase 
1111 0-25 percent increase 
E:3J 0-25 percent decrease 
c==J 25 percent or more 
d~crease 
Figure 20. Change in cropland in row crops for the Minimum Sediment 
Alternative from the Unrestricted Alternative by river 
basin 
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Land use by quality class is shown in Table 30. The Minimum Sedi-
ment Alternative requires the use of almost all available cropland. 
Hence, large increases are shown in the use of the lower quality lands. 
This expanded land use results from shifting to conservation and tillage 
practices which reduce sediment loads and decrease average crop yields. 
The average soil loss, even on the lower quality lands, is reduced by the 
application of these production technologies, although at decreased yields. 
T-Limit Alternative 
For the T-Limit Alternative's soil loss controls, some expansion 
in the total land devoted to crops is required. The increase to 311 
million acres is composed of a slight decrease in row crop production 
and an increase in the acreages of close-grown and hay crops (Table 31). 
The location of land not required for crop production is significantly 
different only in the Missouri River Basin where it is reduced by 7 
million acres. Table 31 illustrates that the national requirements for 
row crops is relatively constant. However, the regional distribution 
of row crops changes considerably as shown in Figure 21. Large increases 
in row cropped lands occur in the Missouri, Souris-Red-Rainy, and Great 
Basin to compensate for changes in cropping methods as compared to the 
Unrestricted Alternative. Small changes in conventional tillage-residue 
left and reduced tillage acreage offset each other as shown in Tables 
26 and 29. Straight row and strip cropped acres are replaced by large in-
creases in terracing (Table 26). The regional distribution of the tillage 
practices is shown in Tables 27 to 29. From the land quality class stand-
point, extremely small substitutions occur. 
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1111 25 percent or more 
increase 
1111 0-25 percent increase 
~ 0-25 percent decrease 
c==J 25 percent or more 
decrease 
112 
Figure 21. Change in cropland in row crops for the T-Limit Alternative 
from the Unrestricted Alternative by river basin 
1111 25 percent or more 
increase 
~~~~ 0-25 percent increase 
[J[) 0-25 percent decrease 
c=:J 25 percent or more 
decrease 
Figure 22. Change in cropland in row crops for the PA-Limit Alternative 
from the Unrestricted Alternative by river basin 
113 
PA-Limit Alternative 
The total use of cropland for this alternative is about 2.2 percent 
higher than in the Unrestricted Alternative at 315 million (Table 26). 
The composition of crops changes from the base run, however. Total 
cropland use increases as close-grown crops, hays, and summer fallow 
all increase. An increase in total acreage occurs as sediment restraints 
are placed on every PA. More land must be cropped since the sediment 
restraints require a less intensive use of land. The largest increase 
is in the Missouri River Basin which has almost 5 more million in crops. 
Changes in the composition of croplands are shown in Table 32. Total 
row crops now compose 59 percent of all the cropland, a 2 percent de-
crease from the Unrestricted model. Figure 22 shows that changes in row 
crop productionarenot uniform since decreases occur in the eastern and 
western river basins and increases occur in the middle of the country. 
The increase in the Missouri River Basin offsets decreased row crop 
acreages in other river basins. The activation of land not formerly 
in crops and a greater total crop acreage allows crop producing technol-
ogies with low sediment loads. 
The regional composition of land use by tillage practice in Table 
29 shows a substantial increase of 280 percent in reduced tillage acres 
in the Lower Mississippi River Basin. This shift in land use is signifi-
cant in reducing total soil loss in the region. The increased acreage 
of the Missouri River Basin is used in conventional tillage-residue left 
practices in this low erosive area to augment row crop production. 
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Table 30 shows that the increases in the total land use occur on most 
land quality classes. The largest increases, however, are on land 
classes IIs, IIe, IIw, Ills, IIIc, and IIIw. These classes are poten-
tially erosive, but proper erosion control practices can augment crop 
production without increasing soil loss and thus without decreasing 
water quality. 
River Basin Limit Alternative 
Total land use for this alternative is only about .2 percent less 
than in the Base Alternative. Only slight changes occur in the compo-
sition of row crops and close-grown crops. Total summer fallow acreage 
is slightly increased for the nation (Table 33). Row crops increase 
significantly, by 27.7 percent, only in the New England River Basin. 
In other areas relatively small changes are required to meet the sedi-
ment restraint (Figure 23). Tillage practices also change little from 
the base run. However, a shift from straight row to strip cropping 
technologies is generally required. Terracing is not increased as in 
other alternatives. Hence, the total costs of crop production are less under 
the River Basin Limit Alternative than for other control alternatives. Tl1is 
is possible since the river basin sediment load restraint allows more versa-
tility in choosing the method of reducing soil loss. Depending on the delivery 
system, the sediment load in some PA's may be increased while in "control 
areas" it is decreased to maintain stream sediment loads. This type of 
choice is not available on the intra-river basin level for the FA-Limit 
Alternative. 
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Soil Loss 
The national average soil loss rates for the five alternatives 
are shown in Figure 24. For the Unrestricted Alternative, the average 
soil loss is 4.95 tons per acre per year. However, in the Minimum 
Sediment Alternative, the average soil loss is reduced to 1.02 tons per 
acre. This reduction is commensurate with the level of sediment load 
control actually obtained. In the T-Limit Alternative, the national 
average soil loss is 1.85 tons per acre, somewhat higher than for the 
Minimium Sediment Alternative. The levels obtained for both the PA-Limit 
and River Basin Limit Alternatives are relatively small reductions from 
the base level. The PA-Limit and River Basin Limit Alternatives have 
average soil losses of 3.79 and 4.33 tons per acre. However, both of 
these alternatives obtain the same national sediment loads and have 
different river basin loads for only a few basins. Comparative advantage 
resulting from the regional structure of the stream transport system 
allows the River Basin Limit Alternative to change land use patterns 
optimally among the PA's to obtain the sediment control desired but with 
the greatest advantage in crop production. In the case of the PA-Limit 
Alternative, no such comparative advantage can be exercised since all 
PA's are required to reduce their sediment loads proportionally. 
The source from which sediment control is obtained is partially 
illustrated in Figure 25, where the total soil loss for each alternative 
is divided among the four conservation practices. For the three tillage 
practices, the total soil loss source divides as in Figure 26. For the 
118 
Minimum Sediment Alternative, the main source is reduced tillage, even 
though soil loss is very low. For the other alternatives the soil loss 
from minimum tillage is also the major source but proportionally less 
terracing is used to keep soil loss low. 
1111 25 percent or more 
increase 
1111 0-25 percent increase 
EI2J 0-25 percent decrease 
c==J 25 percent or more 
decrease 
Figure 23. Change in cropland in row crops for the River Basin Limit 
Alternative from the Unrestricted Alternative by river 
basin 
The average soil loss on cropland in each PA is shown in Figure 27 
for the Minimum Sediment Alternative. Comparing Figure 11 with Figure 
27, all areas decrease in average soil loss. Most areas have less than 
six tons soil loss per year. Some areas, however, still have rather high 
soil loss rates as the more erosive soils ancl cropping techniques are used. 
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D 0 to 3 tons/acre 
rrm 3 to 6 tons/acre 
CJ 6 to 9 tons/acre 
~ 9 to 15 tons/acre 
• over 15 tons/acre 
Figure 27. Average annual cropland soil loss by producing area for the 
Minimum Sediment Alternative 
D 0 to 3 tons/acre 
UIIIl 3 to 6 tons/acre 
123 6 to 9 tons/ acre 
m 9 to 15 tons/acre 
• over 15 tons/acre 
Figure 28. Average annual cropland soil loss by producing area for the 
T-Limit Alternative 
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In ~he T-Limit Alternative (Figure 28), soil loss rates for the 
individual PA's are even more uniform since allowable soil loss is pro-
portional for all. The PA-Limit Alternative places restrictions on the 
PA sediment outflow, not the soil loss level in the PA. Compared to 
Figure 11, average soil loss in all PA's is reduced in Figure 29 but 
not as much as in the Minimum Sediment and T-Limit Alternatives. Figure 
30 gives the same data for the River Basin Limit. The average soil loss 
levels differ considerably from either the Base or PA-Limit alternatives. 
Water and Irrigated Cropland Use 
The use of water and irrigated croplands vary with the 
alternatives in sediment control imposed. Table 34 gives a summary of 
the use of irrigated lands and water for the five alternatives. The 
use of land for irrigated crops is nearly constant for all alternatives. 
However, the use of irrigated land to produce dryland crops increases 
significantly in the Minimum Sediment and PA-Limit Alternatives. In 
both of these alternatives, the reduced sediment load requirement caused 
the cultivation of more land, not to produce more commodities, but rather 
to reduce cropland erosion. Water use increases considerably in the 
Minimum Sediment Alternative. The increase is in both total depletable 
ground water and surface water consumption. The T-Limit Alternative 
also shows a small increase in water use while the last two alternatives 
have reductions. 
D 0 to 3 tons/acre 
OliJ 3 to 6 tons/acre 
[8 6 to 9 tons/acre 
§llm 9 to 15 tons/acre 
1111 over 15 tons/acre 
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Figure 29. Average annual cropland soil loss by producing area for the 
PA-Limit Alternative 
D 0 to 3 tons/ acre 
lJl] 3 to 6 tons/acre 
@] 6 to 9 tons/acre 
~ 9 to 15 tons/acre 
1111 over 15 tons/acre 
Figure 30. Average annual cropland soil loss by producing area for 
the River Basin Limit Alternative 
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Commodity Production 
Variations in the mix of commodities produced under a specific 
alternative provide some of the most important changes in the composi-
tion of agriculture to meet environmental demands through sediment con-
trol. Table 35 gives the total acreage of the major crops produced for 
each of the five alternatives. The most extreme changes are in the 
Minimum Sediment Alternative. Large increases in acreage of almost all 
crops accompany a substantial decrease in the crop yields. A 90 percent 
increase in total hay acreage, a 37 percent increase in corn acreage, 
and a 122 percent increase in oat acreage are used to offset the 88 per-
cent decrease in silage production. These increases occur because of 
two interacting problems. One, as cropland erosion controls are applied, 
additional acreage is used to offset the decreased yields from the utili-
zation of conservation and tillage practices. The second, and perhaps 
more important reason for this increased production, is that the removal 
of silage acreage to reduce erosion creates a deficit in livestock feeds 
which can be made up only by increasing the total acres in other feed 
grains. This is shown in Table 36, where the input of corn grain, oats, 
and hay roughage to livestock production is sizably increased while 
silage inputs are almost eliminated. The increased production tends to 
occur on poorer quality land, thereby decreasing the average yield. 
Other changes in crop production and livestock feed use are apparent 
in Tables 35 and 36. 
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For the intermediate sediment restraints expressed by the T-Limit 
Alternative, small, somewhat proportional increases occur in feed grain 
acreages with silage acreage decreasing by 58 percent. These changes 
reflect the number of silage rotations that have excessive soil loss 
and are eliminated by the T-Limit placed on the soil loss. To replace 
the silage acreage lost to erosion control practices, the remaining 
feed grain acreages are increased. 
In both the Minimum Sediment and T-Limit alternatives, soybean 
acreages show a substantial decrease from the base level. The decrease 
is about 9 percent in the Minimum Sediment Alternative and is a response 
to the relatively high soil loss associated with soybean production and 
the decrease in the use of oilmeals in livestock rations as the amount 
of hay and roughage increases. Increases in oat, wheat, and barley 
production is used for the two functions of producing feed grains for 
livestock and to reduce erosion. The shifts to large acreages of small 
grains reduces the potential erosion. 
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Cost of Sediment Control 
Production Cost 
The cost of controlling sediment is expressed several ways in 
the results of the alternatives for sediment control. The cost of 
producing the demanded commodities is the most direct measure of the 
impacts of sediment control, since the only policy restraints imposed 
on the model are for sediment control. Consider Table 37 which gives 
the average cost per acre of producing agricultural commodities by 
several groups of production inputs. The national average cost to farm 
an acre increases dramatically from the Unrestricted Alternative to the 
Minimum Sediment Alternative. The increase in cost of production is 43.3 
percent for the average acre excluding the value of land. Large in-
creases occur in the average cost of terrace construction and maintenance 
(per total cropped acre) and pesticide application. These two cost 
changes follow directly from the increased application of reduced 
tillage technologies which utilize more pesticide inputs to control 
weed problems as tillage is reduced and the increased use of terracing. 
Constructing and maintaining terraces costs an average of $4.24 per 
cropped acre in the year 2000 as pesticide costs average $25.44 per 
cropped acre. 
The cost of production on a average acre increases 3.9 percent 
for the T-Limit Alternative over the Unrestricted Alternative. Cost 
increases are noted in pesticides, water, and terracing in Table 37. 
For the FA-Limit Alternative a .7 percent decrease in average cost per 
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Table 37. National average annual cost per total cropped acre by input 
for the alternatives for sediment control. 
Alternatives for Sediment Control 
Unrestricted Minimum T-Limit PA-Limit River Basin 
Sediment Limit 
($/acre) 
Labor 7.10 6.96 7.11 6.94 7.12 
Water 1.57 2.01 1. 74 1. 74 1. 79 
Pesticides 5.85 25.44 6.56 5.88 5.95 
Fertilizer 12.76 14.11 12.83 12.64 12.73 
Machinery 40.38 41.31 40.97 39.76 40.47 
Other 2.41 2.80 2.45 2.37 2.42 
Terrace 
Construction .27 4.24 1.18 .41 .30 
Total Costa 70.34 96.87 72.84 69.74 70.78 
8 Excluding land rent. 
cropped acre 'is noted as machinery, labor, and fertilizers costs decreases 
exceed small increases in pesticide and terracing costs. Total cropped 
acres have increased. Cost of production per cropped acre increases .6 
percent for the River Basin Limit Alternative above the Unrestricted 
Alternative. Total cropped acres are fewer than in the Unrestricted 
Alternative. 
Table 38 shows the relative change in average production cost for 
the alternatives for sediment control by major river basin. The costs 
are reduced to percent of the Unrestricted Alternative. The 43.3 per-
cent change in national average cost are divided differently among the 
river basins. These variations on average cost reflect differences in 
acreages, crops and technologies as patterns of production change to 
meet the sediment control standards imposed. The most radical increases 
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occur in the Arkansas-Red-White, Missouri, Souris-Red-Rainy and Columbia-
North Pacific River Basins. Substantial decreases in average cost occur 
in the New England and Lower Mississippi River Basins. These decreases 
in cost are associated with declines in production of row crops and 
increases in the production of close grown and hay crops (Tables 11 and 
25). River basins showing large increase in cost utilize more acreage 
in row crops under terracing. The other alternatives show similar 
changes although at lower levels. The increase in cost in the Rio 
Grande Basin for the PA-Limit Alternative results from a shift in the 
crops grown in the region as the restraint limits production in other 
areas. This is also true in the River Basin Limit Alternative for the 
Souris-Red-Rainy Basin. Overall changes in production cost are not large 
for either of these alternatives as regional relocation of production 
cause only slight cost adjustments. 
Social cost 
The cost of controlling sediment are of significance in determining 
social decisions. The total costs of producing and transporting the 
nation's commodities required for domestic and export demand in the year 
2000 are shown in Table 39 for the five sediment control alternatives. 
The total costs are computed as the sum of all costs of supplying the 
demanded agricultural commodities at 1971-72 average input prices. The 
increases in total cost for the four alternative sediment control policies 
are measured against the Unrestricted Alternative. This increase in 
total production cost above the Unrestricted Alternative can be termed 
the cost of controlling sediment. The index of cost of control shows 
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the proportional impact of the four alternative policies for sediment 
controls. For the Minimum Sediment Alternative the total cost of produc-
ing and transporting commodities increases by 42.2 percent while the 
change in total cost is only 2.9 percent higher for the T-Limit Alterna-
tive. The PA-Limit and River Basin Limit Alternatives have increased 
total costs of .3 percent and .1 percent, respectively. The lower 
costs for these less restraining alternatives show significant reduc-
tions for attaining less ambitious goals in sediment control than for 
the Minimum Sediment Alternative. 
Table 39 • Total cost of producing and transporting c01111lodities for the 
five sediment control alternatives in the year 2000. 
Unrestricted Minimum T-Limit PA-Limit River 
Sediment Basin 
Limit 
Total cost 31,932 45,332 32,863 32,034 31,958 
(million dollars) 
Increase in total cost 13,400 932 103 26 
(million dollars) 
Index of total cost (%) 100.0 142.2 102.9 100.3 100.1 
National sediment load 415.0 318.3 376.4 393.7 393.7 
(million tons) 
Decrease in sediment load 106.7 38.6 21.3 21.3 
(million tons) 
Index of total load (%) 100.0 76.7 90.7 94.9 94.9 
The average costs per ton of sediment load reduction ~re shown 
in Figure 31 plotted against the reduction in total sediment load. This 
is an average cost curve for reduction in the national total sediment load. 
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Figure 31. Average cost of reduction in total sediment load 
These are the costs that producers and society would have to pay to 
achieve the specified level of pollution control. In the past these 
costs have been paid through both increased commodity costs to consumers 
and public subsidies to producers for reducing erosion and maintaining 
production. The choice of the level of sediment control is ultimately 
determined by the desires of society for commodities and their willing-
ness to pay for control. 
The reduction in sediment load for the Minimum Sediment Alternative 
costs an average of $125.59 per ton in terms of increased total 
commodity costs. This average cost of reduction when distributed over 
the total cropland acreage is an average of $36.93 per cropped acre 
because of the extensive use of terracing to control erosion. The T-Limit 
Alternative provides a 9.3 percent reduction in total sediment load at an 
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average cost of $3.00 per acre or $24.15 per ton reduction in sediment 
load. A substantial reduction in sediment load is accomplished at costs 
much lower than for the Minimum Sediment Alternative. For the PA and 
River Basin Limit Alternatives, the average cost is $4.83 and and $1.22 
per ton of reduction, respectively. However, the reduction in total 
national sediment load is much less than in the previous cases. The 
average costs per cropped acre are $.33 and $.08 with the less restricted 
stream sediment loads and reorganization of agricultural production 
both interregional and by technology providing much of the change in 
sediment load. Acreage cropped under high cost conservation practices 
is much lower than in either the Minimum Sediment or T-Limit Alternative. 
Environmental enhancements are accomplished through regional production 
changes that adopt less erosive crops and tillage practices. 
SUMMARY, CONCLUSIONS, AND IMPLICATIONS 
OF SEDIMENT CONTROL ANALYSIS 
Suspended sediment moving in streams of the United States creates 
significant social and physical problems. A major economic problem of 
reducing stream sediment loads is the allocation of the cost and benefits 
associated with this means of water quality improvement. Benefits of re-
moving sediment from streams are not all directly reflected in markets for 
water services. The use of water as a biological growth ~edium and as an 
input resource for the biological support of the ecosystems surrounding man 
is one example of an "unaccounted" service of water. Determining the 
benefits and cost of such services, or how they should be distributed, are 
not easily accomplished. However, an evaluation of services related to 
water quality and of the cost of reducing polluting elements blocking 
improved uses of water can be attained: (a) by establishing environmental 
goals to serve as a benchmark and (b) by assessing the mechanisms and their 
costs required to remove the substances that violate the environmental goals. 
The development of cities and highways induces the movement of large 
quantities of soil into the waterways. In many areas, such nonagricultural 
land uses are important sources of soil loss. However, the most prolific 
sources of sediment in streams are those lands used by agriculture and 
related uses. 
Land in forest, range, and pasture is a very important source of 
erosion in most areas of the United States. Unfortunately, the management 
of these lands to preserve the soil and reduce sediment is not easy or 
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readily accessible to individuals. Hence, much of this land continues 
to erode. In cropland, however, man has a readily usable and, in most 
instances, highly flexible resource subject to his own management. It 
can be used simultaneously to meet commodity demands and environmental 
goals, including the reduction of sediment loads in the nation's rivers. 
The development of a model of the agricultural economy and associated 
sediment water quality and the analysis and testing of this model with 
some hypothetical options available in sediment control policy are the 
primary goals of this study. The analysis is made with an interregional 
linear programming model that recognizes the interrelationships of 
agricultural land management and erosion as affected by man's decisions. 
Summary of Sediment 
Control Alternatives Analyzed 
This study examines the effectiveness of several sediment control 
alternatives in reducing stream load while allowing the nation to meet 
its projected food demands in the year 2000 as a part of its objective 
of establishing a model and developing insight into sediment control 
policy. The five alternatives examined were: (a) The Unrestricted 
or Base Alternative. Here, no restrictions were placed on soil erosion 
or sediment movement. However, the amount of sediment loads was estimated 
for this free market alternative to compare with the other alternatives. 
The Unrestricted Alternative serves as a benchmark with which the other 
future alternatives are compared. (b) The Minimum Sediment Alternative. 
In this alternative, erosion and sediment loads are minimized to the 
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extent that this process is consistent with meeting projected food 
demand through 2000. (c) The T-Limit Alternative. This alterna-
tive limits soil erosion, as prescribed by the Soil Conservation 
Service considering slope, soil structure, climate, and crop use, 
to levels which will maintain soil productivity over the long run. 
(d) The PA-Limit Alternative. This alternative reduces the sediment 
loads from the 105 producing areas to 80 percent of the cropland loss 
under the Unrestricted Alternative. (e) The River Basin Limit Al-
ternative restricts sediment loads to 80 percent of the Unrestricted 
Alternative for each river basin. Each of these alternatives has a 
different implication for agriculture. For example, the River BasinAl-
ternative is less restricting than the PA-Limit Alternative since the 
former does not prescribe a restraint on each producing area which 
makes up a river basin. In each alternative of restraint, the model 
selects crops (row crops, close-grown small grains, hays, etc.) and 
cropping technologies (straight row, terraces, contour, minimum tillage, 
etc.) for an average of nine land classes in each of the 105 produc-
ing areas which will (a) minimize the cost of producing and transporting 
commodities and the costs of erosion control and (b) allow a competitive 
equilibrium (all resources receiving market rates of return) in meeting 
projected domestic and export demands. 
The study relates mainly to agricultural land use in the year 
2000. In nearly all regions, erosion from noncropland resources dominates 
thatagricultural lands. Figure 32 illustrates this'regional specificness 
D 
II 
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Figure 32. Proportion of total erosion from noncropland sources by 
river basin for the Unrestricted Alternative. 
of cropland erosion from noncropland sources for the 18 major river 
basins for the Unrestricted Alternative. The proportions of total 
erosion from noncropland sources range from 40.5 percent in the Souris-
Red-Rainy River Basin to 98.3 percent in the Upper Colorado River 
Basin under the Unrestricted Alternative. Nationwide, 74.3 percent 
of the total sediment load moving from the United States comes 
from noncropland sources under the alternative. Or said another way, 
only 25.7 percent of the total sediment load could be removed by 
stopping all soil loss from cropland. These high proportions of 
sediment from noncropland sources reduce the impact of erosion control 
for cropland agriculture on sediment loads in nearly all areas of the 
nation. 
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Sediment loads 
The goal of reducing total national sediment loads can be accomplished 
by adapting agricultural cropland uses and cropping technologies. The 
type of restriction or goal placed on sediment control determines the 
effect and cost of each environmental goal. The programmed total national 
sediment loads in the year 2000 are shown in Table 40, along with other 
summary data for the five alternatives. (Acreages also show crops grown 
and conservation or tillage practices used.) The four control or goal 
alternatives all reduce the sediment load from the Unrestricted Alternative. 
However, the magnitude of the reduction and the use of agricultural 
resources changes for each alternative. The 318 million tons per year 
of sediment load for the Minimum Sediment Alternative is the smallest 
that can be attained while meeting fixed consumer demands. This minimum 
load is a 23.3 percent reduction from the Unrestricted Alternative. 
The maximum reduction possible in sediment load if all cropland erosion 
was eliminated is 25.7 percent. The Minimum Sediment Alternative pro-
vides a lower bound on the reduction of sediment load available through 
cropland management. Also, the costs in terms of both production tech-
nologies and interregional changes are the most extreme. 
For the T-Limit Alternative, the reduction in sediment load is 
more moderate and less costly. The load of 376 million tons per year 
is a 9.4 percent reduction from the Unrestricted Alternative. This 
reduction is accomplished by limiting farm level production technologies 
to those that produce no more than regionally specified soil conservation 
tolerance levels. 
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Both the PA-Limit and River Basin Limit alternatives reduce the 
national sediment loadby5.lpercent from the Unrestricted Alternative. These 
alternatives, although offering the same level of national sediment reduction, 
have quite different results. This variation in results, both in cost and 
in location of production, is attributable to substantially different uses 
of land and tillage practices for crops. 
The two intermediate alternatives of control at the river basin and 
PA levels which offer marginal changes in sediment loads are more practical 
than either of the two extreme cases--the Unrestricted Alternative and the 
Minimum Sediment Alternative. The natural river course and the land uses 
among the various regions of the country are important variables when 
assessing sediment control procedures. Existing stream sediment entrapment 
structures allocate this soil residual according to the physical mechanisms 
that move sediment toward the oceans. Utilizing the stream structure to 
plan water quality contributions and agricultural production in the various 
regions of the United States is a significant part of the differences in 
the achievement of the goals in water quality. 
Land use 
The use of land for specific crops and technologies in the year 
2000 is summarized in Table 40 for each alternative in sediment control 
including the use of cropland by crop type and unused cropland for each 
alternative. The extreme case of the Minimum Sediment Alternative has 
only a slight (2 percent) reduction in row crop acreage, as compared to 
the Unrestricted Alternative, and large increases (33.5 percent and 90.6 
percent, respectively) in close-grown and hay crop acreages. Summer 
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fallow and unused cropland are virtually eliminated in the Minimum Sediment 
Alternative. This alternative uses substantially more cropland than does 
any of the other alternatives and shows a 17.5 percent increase over the 
Unrestricted Alternative in land planted to crops. 
More land is used to produce crops and serves as a substitute for the 
erosive soybeans and silage acre~ges now grown in smaller quantities than 
for the Unrestricted Alternative. The allocation of land among the crops 
does not change substantially among the other alternatives. 
Tillage and conservation practices vary more among the alternatives 
than does type of crop grown. The Minimum Sediment Alternative has 
large increases in reduced tillage and terracing acreages. These increases 
are 96.0 percent and 389.3 percent, respectively, over the Unrestricted 
Alternative. Larger acreages of land are devoted to contour cropping than 
in the Unrestricted Alternative and straight row acreages are 30.2 percent 
less. Strip cropping techniques are greatly reduced since terracing is 
more effective in reducing gross soil loss. 
For the T-Limit Alternative, increased use of erosion control tillage 
practices is similar but less drastic. Reduced tillage acreage increases 
by 11.5 percent and conventional tillage practices decrease by about 10 
percent over the Unrestricted Alternative's levels. Again, straight row 
and strip cropping acreages decrease while terracing acreages increase. 
For the PA-Limit and River Basin Limit Alternatives, the composition 
of technologies used in crop production is not greatly changed from the 
Unrestricted Alternative when viewed as national totals (see Table 40) 
However, the flexibility of U.S. agriculture in changing crop production 
among the regions, crops,and crop production technologies is partially 
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hidden in national totals, The variation among regions is particularly 
obvious since the arid and semiarid areas of the western states produce 
crops with less erosive potential. However, the shifting of crop pro-
duction to these areas becomes more restricted when the stream sediment 
restraints are imposed on individual subriver basins or PA's rather 
than at the less restrictive river basin level. This flexibility in 
production mechanisms is increased further when sediment restraints 
are placed at the national level only. 
Crop production 
The trade-offs among the principle crops of the model are shown in 
Figures 33 and 34 for the various alternatives. These two figures represent 
the production of grains and other commodities used in livestock production 
for each alternative in the year 2000. For the Minimum Sediment Alternative, 
total grain production increases substantially. The principle increases 
are for corn, oats, and wheat. At the same time, however, a large increase 
occurs in the amount of nonlegume hays produced (Figure 34). In other words, 
for the Minimum Sediment Alternative, more corn is planted on land where 
erosion is not a serious hazard in conjunction with the erosion control 
practices used and more hay is grown on erosive soils. Furthermore, 
silage, legume hay, and oilmeal production all decrease. These decreases 
allow more close-grown grains which also reduce soil loss. Changes in 
crop production are due to two primary and complimentary effects. First, 
the use of lands in highly erosive silage and soybean crops is reduced. 
Land formerly occupied by these crops is shifted to soil-conserving hay 
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and small grain (close-grown) crops. This increase in wheat, oats, and 
barley is augmented by greater acreages of corn and sorghum, both with 
lower soil loss rates than silage and soybeans. The net result is a 
substantial reduction in total sediment load. The second effect chang-
ing crop production patterns is substitution among the livestock feeds. 
These substitutions utilize more corn, sorghum, wheat, barley, oats, 
and hay roughage. Silage and oilmeal inputs to livestock production 
decrease, easing the erosion problems of specific areas. This same 
set of substitutions and utilizations of livestock production exist to 
some extent in all of the sediment control alternatives considered 
in this study. 
Conclusions and Implications of Sediment 
Control Alternatives 
The analysis of sediment as a residual that can be controlled by 
managing agricultural· cropland and the use of cropland in production 
reveals several important implications which confront water quality 
planners. These implications involve the locational aspects of cropland 
soil loss as a contributor to total sediment loads, regional allocation 
of sediment controls, and the national cost of sediment control in 
the year 2000. 
Locational aspects of cropland sediment 
The large proportion of the national sediment load which originates 
from noncropland (noncontrolled) erosion limits the type and feasibility of 
the sediment controls through agriculture. Regions in the western states 
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have comparative advantage when sediment controls are placed as residual 
soil loss limits at the farm level (T-Limit Alternative). In these semiarid 
areas, few crop production techniques produce waterborne soil loss in excess 
of acceptable conservation limits. This advantage, however, does not 
extend .to other types of sediment control alternatives which are applied uni-
formly to all river basins or PA's since equally proportional reductions in 
sediment loads are required in each area. Cropland generally contributes 
a low proportion of the total sediment loads in western states. Hence, 
application of soil loss restraints to croplands has slight effects on the 
total sediment load. 
Regional allocation of controls 
The second primary policy implication of this study is that not only 
do regional variations in land use affect the sediment reduction policy or 
goal, but so does the type of control applied. Administrative control over 
nonpoint sources of sediment pollution can determine to a large extent how 
the controls effect the agricultural production of the country. The 
alternatives analyzed in this study emphasize the affects of specifying 
sediment controls at various regional levels. 
The MinimumSedimentAlternative reduces national sediment loads to a 
minimum without regard to the actual improvement of degradation of water 
quality in specific river basins. Because of the extreme change prompted 
by sediment minimization, the sediment loads of all regions are decreased 
individually. However, those individual regions which have less signifi-
cant amounts of cropland and cropland erosion are disproportionately 
penalized for sediment loads. 
The T-Limit Alternative approaches the problem of sediment control 
from another prospective. Restricting soil loss at the farm level is 
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effective in recognizing the regional differences that exist in erosion 
potential. Reductions in sediment loads from applying a T-Limit in all 
producing areas are significant if the limits are placed uniformly. How-
ever, some areas require more control of sediment loads than is available 
from simply applying a uniform T-Limit to all cropping technologies. 
Such direct regional controls are most logically applied on individual river 
basins or subriver basins. 
A sediment load restriction is applied to each subriver basin (PA) 
in the PA-Limit Alternative. This type of reduction significantly penalizes 
the producers of many areas, particularly in the western states. The 
penalty is demonstrated by observing that the national and river basin 
sediment loads for the PA-Limit and River Basin Limit Alternatives are 
almost identical. However, the changes that occur in the production of 
many individual PA's are not as high as for the River Basin Alternative 
as for the PA-Limit Alternative. The acreage using high cost conservation 
practices is reduced in the River Basin Limit Alternative and, conse-
quently, the cost of producing the nation's food commodities.is also lower 
for this alternative. Hence, consumer food costs are lower for the River 
Basin Limit Alternative than for the PA-Limit Alternative (Table 39). 
Expected water quality improvements at the river basin level are 
identical for the two alternatives. However, the local or PA improvements 
in water quality are not achieved as uniformly in the River Basin Limit 
Alternative as in the PA-Limit Alternative (since not all PA's are restricted 
in sediment loads in the former and since the local river flow conditions are 
1~1 
considered in determining the optimal placement and technologies used 
in each river basin. Therefore, the PA's with high productivity and 
low costs produce larger sediment loads in the River Basin Limit Alter-
native than in the PA-Limit Alternative (Figures 17 and 19). 
Costs and Social Choice 
The choice of one discrete sediment control goal over another 
cannot be made on the basis of the analysis in this study alone. The 
extreme cost of the Minimum Sediment Alternative is not likely justified 
by its associated and potential gains in environmental quality. However, 
since potential benefits are not analyzed no conclusion can be made. 
The increase in the total cost of 42.2 percent represents a high cost 
to pay for the improved sediment control. Even with large amounts of 
unaccounted benefits, the $13.4 billion annual increase in total produc-
tion costs exceeds the estimated annual damage of $.5 to $1 billion 
(11) by such a large amount that this control method does not seem 
feasible for society (see Table 38). 
Although reduced control of the other alternatives lessens the 
potential benefits gained, the reduced cost is more compatible with 
expected benefits. Assuming an annual damage of $1 billion (11) from 
sediment and assuming the Unrestricted Alternative represents the situa-
tion which produces this sediment load, the River Basin Alternative 
produces a 5.1 percent reduction in the total sediment load or a possible 
$51 million reduction in damage at a cost in terms of increased production 
costs.of $26 million. The T-Limit Alternative reduces the total sediment 
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load by 9.3 percent and potential sediment damages by $93 million at 
a cost of $932 million. These benefit estimates are only hypothetical 
as each control policy would have a different impact of attained benefits. 
Although not all of the sediment control alternatives produce the 
national total sediment load at minimum national cost, the discussions of 
cost of controls in the preceding section shows that reduced sediment loads 
may be practical only at some level greater than the absolute minimum. 
Similarly, some beneficial reduction in sediment loads which offset poten-
tial damages may be accomplished through proper sediment controls. 
Although no specific recommendations can be drawn from this study, 
it does provide a point from which other more detailed policy analysis 
may begin. More specific policies may be formulated and posed for model 
analysis or implied goals may be tested in individual river basins or 
watersheds since the total national sediment load of this study is accounted 
separate from the imposed restraint and consequent cost minimization. 
These analyses could center on stream sediment controls by altering crop-
land use as in this model, by imposing controls that modify the sediment 
delivery and transport system or by controlling noncropland erosion. 
Watershed protection and management policies could substantially reduce 
I 
the sediment delivery characteristics of specific subriver basins. Like-
wise, new reservoirs or stream channel improvements would change the 
sediment transport characteristics of an entire river basin. Whatever 
type of policy analysis is proposed, the national environmental analysis 
of a large,scale model similar to this one could provide additional infor-
mation on the transformations imposed on agriculture. 
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APPENDIX. SEDIMENT TRANSPORT SUBMODEL CALIBRATION 
The essential inputs to the model of water quality and agriculture 
are the variables that relate agricultural production to water quality. 
These variables are all part of the sediment transport subsystem. The 
sediment transport subsystem consists of three primary components: sed-
iment sources, sediment delivery ratios and sediment transport ratios 
(1). Each of these components has unique requirements for input data 
manipulation. The emphasis in designing the coefficients that describe 
each of these components is to approximate the sediment flows of the 
aggregate modeled subsystem to the recorded sediment load. 
This appendix contains explanations of how total gross soil loss 
is computed for estimating the sediment delivery-and transport ratios 
used in the model. Then both the sediment transport and delivery ratios 
are computed. Adjusting the land base to reflect the land use condition 
in the year 2000, the total soil loss from exogenous sources is esti-
mated. And finally, soil loss rates are estimated for cropland not used 
in crop production. 
Method of Model Calibration 
Calibration of the sediment transport system is accomplished by 
using data from a base historic period to estimate the sediment delivery and 
transport ratios. The base period selected is 1960-1969. This period is 
used because the best land use data available as a base for computing total 
158 
159 
soil loss is the National Inventory (38) taken in the mid-196Qs. This 
data is comprehensive and gives the best subdivision of land by land qual-
ity and erosiveness of any data currently available on a national scale. 
Figure A-1 schematically illustrates the basic elements of the sediment 
calibration procedures. This project has three intei·related~i>a:rts. First, for the 
base period, estimates are made of the total annual gross soil loss from 
all sources for each of the 105 PA's of the model. These sources vary in 
gross soil loss levels. Unfortunately, the information required to deter-
mine soil loss rates for each land use is not uniform in quality and alter-
nate estimation processes must be substituted. 
After total gross erosion is computed, sediment trapping in interregion-
al flows of water is estimated. The sediment transport ratio is the ratio of 
the instream sediment load entering the PA to the instream sediment load 
leaving the PA less the sediment delivered from within the PA. Mainstream 
structures such as reservoirs, locks, and dams affect the movement of 
sediment in the streams by altering the velocity of the water moving in the 
river allowing the suspended sediment to settle out in the pools formed by 
the structures. In many areas, there are no instream structures to sub-
stantially modify the stream flow and the sediment transport ratio is equal 
to one. 
The third step in calibration is to compute the proportion of the 
sediment eroded from the lands of each PA that enters the stream system 
at the point of river outflow from that PA. Since each PA is a river sub-
basin, the development of stream flow patterns is fixed by the development 
of the initial regionalization. The sediment delivery ratio is the ratio 
of the instream sediment load and the total gross soil loss computed in 
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step one. The estimates of the sediment delivery ratios depend on the sedi-
ment transport ratios to adjust stream sediment loads to account for erosion 
from upstream PA's as well as the inputs of computed total soil loss from 
step one. 
Total Gross Soil Loss 
The most complex computationsof the sediment system calibration are those 
required to develop estimates of total gross soil loss. These estimates 
are made for sheet and rill erosion, gully erosion, and channel erosion 
from all sources in each PA. The process illustrated in Figure A-1 consists 
of specifying an erosion source, determining its land use and management 
characteristics, and computing the gross soil loss for the source. The 
total gross soil loss is the sum of the soil loss from all sources. 
Erosion originates from two basic sources, cropland and noncropland. 
These two levels of classification divide the problem of erosion into the 
primary concepts of controllable and uncontrollable erosion from the 
standpoint of aaro-environmental policy alternatives. The sheet and rill 
erosion from cropland potentially determines the impact of hypothesized 
environmental policy alternatives of this mo4el. Erosion from noncropland 
sources is not subject to control in this model and is treated as a fixed 
or exogenous source of soil loss. 
Land use data on the sources of erosion are of two types: inventoried 
and noninventoried. Inventoried lands are the privately-owned lands that 
are surveyed extensively in the National Inventory (38) and classified ac-
cording to TableA.l. These lands are of seven specific types of cropland 
Table A.l. 
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Inventoried land use categories of the National Inventory 
Primary Use 
Classification 
Cropland in Rotation 
Tillage 
Other Cropland 
Paature Land 
Range Land 
Primary Use 
Classification 
Range Land 
(continued) 
Forest Land 
Forest Land Graaed 
Other Land 
Secondary Use 
ClasBification 
Corn and sorghum 
Other row 
Close-grown 
Summer fallow 
Rotation hay nnd 
pasture 
Hay land 
Conservation 
practices 
Idle 
Orchards and 
vineyards 
Other land formerly 
cropped 
Secondary Use 
Classification 
Co11111ercial 
Nonconanercial 
Commercial 
Noncommercial 
On Parma 
Not on Panna 
Treatment 
Classification 
Treatment adequate 
Treatment needed--
nonirrigated 
Restdue and annual 
COVt'r 
Sod in rotation 
Contouring 
Strip cropping or 
terracing 
Permanent cover 
Drainage 
Treatment needed--
irrigated 
Cultural and management 
practices 
Improved system 
Water management 
Treatment adequate 
Trentment nnt adequntr 
Treat.ment adequate 
Treatment unfeasible 
Needs change in land use 
Protection and improve-
ment 
Improvement only 
Improvement and brush 
control 
Reestablishment only 
Reeatablishent and brush 
control 
Treatment adequate 
Treatment unfeasible 
Needs change in land use 
Protection and improve-
ment 
Improvement only 
Improvement and brush 
control 
Treatment 
Classification 
Reestablishment only 
Reestablishment and brush 
control 
Treatment adequate 
Noncommercial--stand 
establishment or 
reinforcement 
Commercial--stand 
establishment or 
reinforcement 
Commercial--timberstand 
improvement 
Forage improvement 
Reduction or elimination 
of grazing 
Treatment adequate 
Treatment not adequate 
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1 in rotation tillage , other cropland, pasture lands, range lands, forest 
lands, grazed forest lands, and other lands. These inventoried lands are 
also subdivided as shown in the second column of TableA.l. Further 
subclassifications of the inventoried land provide additional information 
on specific land use capability and conservation treatments needed on the 
land. 
Less information is available for the noninventoried for the three 
subclassifications of urban and buildup, federal noncropland, and small 
water areas. Soil loss rates for these classifications are based on ~he 
rates computed for inventoried land uses. The details of the calculations 
are in the following sections. 
Cropland erosion 
All of the cropland sources of erosion are based on inventoried data. 
For this land use group, base period data is available on acreages in 
specific cropland uses, acres requiring conservation treatment, and acres 
in specific land capability classes. This subclassified acreage data is 
used to compute total soil loss from c~opland acres. The procedure is an 
extension of the one used by Nicol (21). 
Total cropland erosion is based on land resources in nine land quality 
classes for each PA as well as the land use inventory. The total acres of 
cropland in each use subclassification and each land quality class is com-
puted in the National Inventory (38). The conservation treatment needs 
1 For computing the sediment model coefficients irrigated and dry crop-
lands are combined and are assumed to erode at the same rate. 
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data is summed into two groups: treatment adequate and treatment not ade-
quate. These total acreagesby subclassification are multiplied by an appro-
priate soil loss rate to give the total soil loss by inventoried cropland 
grouping. 
The Universal Soil Loss Equation (USLE) arid data from the Soil 
1 Conservation Service (SCS) questionnaire are used to estimate the soil 
loss rate for each land use. The variables of the USLE are illustrated in 
Figure A-2. Each of these variables are provided as an input from the SCS 
questionnaire data by land quality class. The USLE developed by Wischmeier 
and Smith (49 ) • is 
SL • R·K·L·S·C·P (Al) 
where 
SL • tons of soil loss per acre per year. 
Soil loss The soil loss rates for cropland sources are computed 
for use in the calibration of the sediment submodel by using the USLE. The 
SCS data fixes the values for the R, K, L, and S-factors for each PA and 
land quality class. These four factors are multiplied together to give a 
single factor, the (RKLS)-factor. This factor fixes the erosive potential 
of each land quality class in the PA by setting the average rainfall inten-
sity, average slope, average slope length, and average soil erodability. 
The (RKLS)-factor is multiplied by a C-factor, or crop management 
factor and P-factor, or conservation practice factor to obtain a soil loss 
1 The data provided in the SCS questionnaire is detailed in Nicol (21). 
165 
Rainfall Soil 
Intensity Erodabil i ty 
Factor Factor 
R K 
J 
Slope 
Factor _.. (RKLS)- Soil Loss 
_.. 
s Factor SL=(RKLS)CP 
Slope I' 
Length 
Factor Rotation-
L .. Management Cropping 
Factor Factors 
c C, p 
.A 
' ' ' Conservation ... Tillage Rotations Crops .. Factor 
p 
Conventional Straight Contour 
~ Tillage Row ~~ Strip Residue 
Left Cropping Cropping 
Conventional 
~ Tillage Contour Terracing Residue Cropping ~ .... 
Removed 
Reduced 
1.- Tillage 
Figure A-2. Soil loss from cropland used in agricultural production 
in areas east of the Rocky Mountains 
166 
rate for each land use. To compute total soil loss for model calibration, 
the conservation practice factor is equal to one and has no effect on com-
puted erosion. This assumption is made because of a lack of data by PA 
that gives acreages by existing conservation practices. Rather than apply 
a separate P-factor for each type of conservation practice in cropland, the 
cropland use groups are aggregated into two subgroups, lands adequately 
treated to obtain conservation goals and lands are not adequately treated. 
Table A.l gives the treatment classifications from which the two preceding 
classifications are aggregated. 
C-factors for the treatment adequate and treatment not adequate 
classifications are obtained from a representative cropping system chosen 
from the SCS crop management and tillage data for each of the land use 
subclassifications. This representative cropping systems is as close to 
the inventoried land use category as possible. All representative cropping 
systems specify C-factors for computing soil for each land use in the PA. 
Each cropping system is used in one of the three tillage practices. The 
treatment adequate group is assigned the C-factor designated for the repre-
sentative cropping system under conventional tillage residue left. The 
treatment not adequate group is assigned the C-factor for the representa-
tive crop management system under conventional tillage residue removed. 
These C-factors are used on each land quality class for computing soil loss 
rates for each land use in each PA. 
The soil loss rate for each treatment classification for each land use 
subgroup is the product of the (RKLS)-factor and the selected C-factor. A 
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soil loss rate computed for each land quality class in each PA. From these 
rates and land use acreages total soil loss is computed. 
For areas west of the Rocky Mountains, the Universal Soil Loss 
Equation is not applicable. In these regions, soil loss rates are directly 
estimated for the various cropland use groups from the SCS data. These 
rates are applied directly to the relevant land use by land quality class. 
The PA's considered in the western area are shown in Figure A-3. 
The total cropland erosion is computed by multiplying the average soil 
loss rate by the total number of acres in each classification and summing 
over the crop land use types, treatment need groups, and the land quality 
classes (Table A.2). In equation form, total cropland erosion is defined as 
CL. = 
~ 
8 2 
I I 
I =1 k=l 
9 
j:l SLi/kj • Ai/j • pi/kj (A2) 
Fiiure A-3. The western producing areas for computing soil loss 
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Table A.2. Land quality class definitions 
Land Capability Classes Land Quality Class 
I 1 
lie 2 
lis, w, c 3 
IIIe 4 
Ills, w, c 5 
IVe 6 
IVs, w, c 7 
all v 8 
all VI, VII, VIII 9 
where 
CLi 
Ai/j 
= total gross cropland sheet and rill erosion in the ith PA, 
= total acres in the /th land use type and the jth land quality 
class in the ith PA, 
SLi/kj 
p i/kj 
= average soil loss per acre from the /th land use, kth treatment 
need group, and the jth land quality class in the ith PA, 
= proportion of the total land in the /th land use type and the 
jth land quality class in the ith PA. 
The indices are: 
i = 1, .•• ,105 for PA's, 
= cropland use type = 1 = corn and sorghum, 
= 2 = other row crops, 
= 3 = close-grown crops, 
= 4 = summer fallow, 
= 5 = rotation hay and pasture, 
= 6 = hay land, 
= 7 = conservation lands, 
= 8 = idle croplands, 
k treatment need group = 1 = conservation treatment adequate to 
preserve land productivity, 
= 2 = conservation treatment not adequate 
to preserve land productivity, 
and j • 1, .•• ,9 for land quality classes (as shown in Table A.2). 
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The soil loss rate of cropland uses is defined for areas east of the 
Rocky Mountains as 
where 
(A3) 
(RKLS)ij = the base erosiyn factor for the jth land quality class 
in the ith PA, 
and Cilk = the C-factor for the representative crop management system 
on the lth cropland use type and the kth treatment need 
g~oup in the ith PA. 
For lands west of the Rocky Mountains, the soil loss rate is 
* SLilkj • SL ilkj (A4) 
where 
SL*ilkj = the soil loss rate for the representative lth cropland use 
type, the kth treatment need group and the jth land quality 
class as determined from the SCS data. 
The proportions of the total land in each treatment needs group is 
computed from the National Inventory data as the proportions of the total 
land in each land use type that is adequately treated or not adequately 
treated. These proportions are computed for each soil loss and each PA 
to use as a veight for dividing the total lands into two groups. 
Noncropland erosion 
A second set of soil loss sources contributes to the total sediment 
load, noncropland sources. Cropland as a major source of soil loss contrib-
utes only a small fraction of the total erosion in soae areas. Noncropland 
1 See previous sections for detailed explanation of this variable. 
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erosion is determined by local physical conditions and the land uses 
within each PA just as cropland erosion. Therefore, the same basic pro-
cedure is used to estimate noncropland erosion. 
The land uses in noncropland are varied. However, the two largest 
land uses in the noncropland sector are range and forest. As shown in 
Table A.3, these two land uses occupy large acreages much of 
which is controlled by two federal agencies, the Bureau of Land Management 
(BLM) and the Forest Service (FS). These two classifications constitute 
hundreds of millions of acres primarily in the western states. Erosion 
from these sources is highly significant for water quality planning in 
these areas. 
Table A.3. National land use by land use type for the 48 contiguous states& 
Total Inventoried 
Cropland 
Pasture land 
Range land 
Forest land 
Other land 
Total Noninventoried 
Federal noncropland 
Urban and buildup 
Water area 
Total Land Area 
a Source: (38) . 
(000 acres) 
1,432,708 
437,203 
101,061 
379,929 
459,857 
54,658 
399,127 
60,873 
7,065 
1,899,773 
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Besides range and forest, noncropland acres are used by other federal 
agencies, by urban and buildup uses, by pasture, by farmsteads, by mines, 
and by many other users. These land uses are fixed for the purpose of this 
model. However, most are important contributors to the total sediment 
problem of some areas and the soil loss from these sources are a part of 
computed sediment loads. 
The private lands in noncropland uses are classified as inventoried 
by the National Inventory and the land uses are subclassified by land qual-
ity class, treatment need, and current uses. Noninventoried land uses are 
not subclassified except as federal noncroplands, urban and buildup lands, 
and small water areas by the National Inventory (38). 
The estimation of erosion from the inventoried noncropland sources is 
determined by utilizing the land use information from both the National 
Inventory and the SCS data mentioned in the previous section. Soil loss 
estimates are made for the noninventoried land uses by combining the land 
use data known with the soil loss rates of a similar inventoried source. 
Inventoried sources The inventoried sources of noncroplands are 
shown in the lower part of Table A.l and illustrated in Figure A-1. The 
computation of soil loss for these classifications utilizes the USLE. For 
these noncropland sources, the (RKLS)-factor is the same as for cropland 
in each PA for each land quality class. However, the C-factors are deter-
mined by a different process. 
As for cropland sources, the P- or conservation treatment factor, is 
equal to one for all noncropland erosion sources. This assumption does not 
imply that erosion factors are fully specified by using properly determined 
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C-factors. Such a C-factor is more properly called the land management 
factor than the crop management factor. 
The process of computing soil loss rates for inventoried noncroplands 
is similar to the one used to determine soil loss rates for cropland. 
The C-factors are estimated using the work of Wischmeier (47, 48). In 
his recent work, Wischmeier extends the concepts of the USLE to include 
the estimation of soil loss rates from noncropland uses like the ones 
currently being considered. These extensions are used to establish C-
factors for noncropland uses. 
The C-factors are estimated from Table A.4 for all use except for 
forest land which is estimated from Table A.S. These tables give C-factors 
based on various types of land use. The same values of C-factors are used 
for each area of the United States to modify the basic erosive factor, 
(RKLS). Local land use is the final determinant of which C-factor is 
ultimately used to calculate the soil loss rate. The tables provide C-
factors for pasture, range, idle, and forest lands based on the physical 
conditions of land use. The assumed land use condition shown in Table 
A.6 are used for assigning a C-factor for each land use and treatment need. 
Each land use is provided with a set of assumed conditions that describe 
the vegetative cover data (Tables A. 4 and A. 5). These data provide C-
factors for computing soil loss based on a standardized set of national 
definitions of land use. 
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The (RKLS)-factor for each land class and PA is multiplied by the 
selected C-factor for each land use classification. The product is the 
average soil loss per acre per year for the land use activity under con-
sideration. For areas west of the Rocky Mountains, soil loss rates are 
estimated from data provided by the SCS questionnaire. Once land use is 
established, a C-factor is determined, and a soil loss rate computed, the 
soil 
where 
loss rates are used the same as for cropland. 
The total soil loss for inventoried noncropland sources is 
18 2 9 
NC. = I I I 81i/kj. Ail j • PI kj (AS) 1 1=9 k=l j=l 
NCi = total gross sheet and rill erosion from inventoried noncrop-
land sources in the ith PA, and 
SLil kj' Ail j, and PI kj are defined as for equation (A2). 
The indices are identical except for I which is now for noncropland uses. 
Therefore, I = 9 orchards and vineyards, 
10 = open land formerly cropped, 
11 pasture land, 
12 = range land, 
13 commercial forest land, 
14 = noncommercial forest land, 
15 = grazed commercial forest land, 
16 grazed noncommercial forest land, 
17 = other land on farms, 
and 18 = other land not on farms. 
The soil loss rate is defined for areas east of the Rocky Mountains as 
SLi/kj = (RKLS)ij • C' /k (A6) 
where 
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(RKLS) .. is defined as in equation (AJ), and 
1] 
C'lk =the C-factor for the representative land management system 
on the /th noncropland use and the kth treatment need in 
the ith PA as chosen from Tables A.4 and A.5. 
West of the Rocky Mountains the soil loss rate is 
where 
SL* i/kj 
SLi/kj = SL*i/kj (A7) 
the soil loss rate for the representative land use for the 
lth land use group, the kth treatment need, and the jth 
land quality class in the ith PA as given by the SCS data. 
Noninventoried sources Other noncropland sources from the National 
Inventory are grouped together as the noninventoried sources of federal 
noncroplands, urban and buildup lands, and small water areas. Detailed 
land use and land quality class information is not available for these 
lands. The lack of detailed information, especially in terms of land quality 
class eliminates the use of USLE, directly, in the estimation of soil loss 
rates. Determining information on land quality classes for this land 
is not possible from current data sources. However, some additional in-
formation can be estimated for particular land uses within each PA. Both 
federal noncroplands and urban and buildup lands are divided into more 
precise land use groups to provide better detail for computing total ero-
sion. Federal lands are divided into three classifications: Bureau of 
Land Management lands, Forest Service lands, and other federal lands. Urban 
and buildup lands are divided into lands in transition and lands in estab-
lished uses because urban lands under construction erode at much higher 
rates than for established uses. The details of the subdividing procedures 
are given in Wade (46). Small water areas do not erode. 
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Soil loss rates for noninventoried land uses are computed as average 
soil loss rate from a similar inventoried land use. To compute the soil 
loss rates on noninventoried land uses, the following relations are as-
sumed to hold: (1) Bureau of Land Management lands erode at the average 
rate of adequately treated range land in the same PA. (2) Forest Ser-
vice lands erode at the average rate as adequately treated noncommercial 
forest lands in the same PA. (3) Other federal lands erode at the aver-
age rate of adequately treated "other lands not on farms" in the same 
PA. (4) Established urban lands erode at the average rate of adequately 
treated "other lands not on farms" in the same PA. (5) Urban lands in 
transition erode at the average rate of adequately treated "open land 
formerly cropped" in the same PA. 
The total soil loss from noninventoried land sources is the sum of the 
soil loss from each of these land uses. The calculations are summarized 
in equations (A8) through (Al5) which follow. 
where 
Total gross soil loss from noninventoried land use is 
(AS) 
Nli = total gross sheet and rill erosion from noninventoried sources 
in the ith PA, 
FNCi = soil loss from federal noncropland sources in the ith PA, 
and UBP1 = soil loss from urban and buildup sources in the ith PA. 
The Federal noncropland sources are subdivided such that 
(A9) 
where 
and 
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BLMi = total acres of BLM lands in the ith PA, 1 
FSi = total acres of Forest Service land in the ith PA, 
OTi = total acres of other federal lands in the ith PA, 
SBi = average soil loss per acre of BLM 
= i SL ~ j=l i, (12)' (1) ,j/ . i, (12) 
lands 
SF = i average soil loss per acre of Forest Service lands 9 . 
= j:l SLi, (14), (1) ,j /Ni, (14) ' 
= average soil loss per acre of 
9 
j:l SLi, (18), (1) ,/Ni, (18) • = 
other federal lands 
(AlO) 
(All) 
(Al2) 
The index Nij = the number of land quality classes that have lands in the 
/th land use in the ith PA. 
Similarly, the urban and buildup sources are subdivided, such that 
(A13) 
where 
UEi = total acres of urban and buildup lands under established use 
in the ith PA, 
UTi = total acres of urban and buildup lands in use transition (con-
struction or post-construction) in the ith PA, 
SEi = average soil loss per acre from established urban and buildup 
lands 
9 
= I SL YN j=l i,(l8),(1), i,{l8) (A14) 
and STi = average soil loss per acre from urban and buildup lands in 
transition 
9 
= I SL VN (A15) j•l i,(lO~(l),j i,(lO) 
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Gully and channel sources As shown in Figure A-1, an additional 
set of sources adds to the total gross soil loss of each PA. These 
sources are called rate sources. This erosion includes soil loss from 
gullies and from stream banks and channels. Neither of these two sources 
is predictable in a quantitative procedure. Therefore, an ad hoc esti-
mation procedure is used to estimate the contribution of these sources 
to total gross soil loss in each PA. 
Several studies are available which indicate the proportions of the 
total erosion in various river basins which comes from sheet and rill, 
gully, and channel and bank.sources (9, 37). The data from these sources 
are summarized in Table A.7. These proportions are applied for each PAin 
a river basin, and for the purposes of this study, all lands in the PA 
erode according to these assumed proportions. For river basins where this 
data is missing, the rates are assumed to equal those of a nearby river 
basin. 
Gully erosion is estimated as the percent of the total soil loss as 
indicated in Table A.7. Since estimates for sheet and rill erosion are avail-
able for the base period from the preceding estimates of cropland and non-
cropland erosion, the equation for gully erosion is stated in terms of sheet 
and rill erosion. Total gully erosion in the PA is estimated as 
where 
= PGr(i) 
• SR i (Al6) 
PGr(i) = percent 
taining 
= percent 
basin r 
of erosion from gullies for the river basin r con-
the ith PA, 
erosion from sheet and rill erosion for the river 
containing the ith PA, 
where 
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SRi • computed total sheet and rill soil loss for the ith PA 
= CLi + NCi + Nli • 
The estimation of the total channel erosion in the PA is 
= 
PCr(i) 
PSr(i) 
• SR i 
(A17) 
PCr(i) = percent of erosion from channels for the river basin r con-
taining the ith PA. 
Total gully and channel erosion is controllable by agricultural 
cropping practices for this study. Thus, the estimates of gully and chan-
nel losses are added to total soil loss from inventoried and noninventoried 
sources to give total erosion. 
Total gross soil loss Total gross erosion for each PA is the sum 
·of all sources, inventoried and noninventoried. Total gross erosion repre-
sents the gross soil loss that is initially displaced in an average year 
according to the land uses specified in the National Inventory (38). This 
total gross soil loss is 
(Al8) 
where 
CL. = soil loss from inventoried cropland sources in the ith PA, 
1 
NCi soil loss from inventoried noncropland sources in the ith PA, 
NI. = soil loss from noninventoried sources in the ith PA, 
1 
GEi soil loss from gully erosion in the ith PA, 
CEi = soil loss from channel erosion in the ith PA, 
and TSi = total gross soil loss in the ith PA. 
This is the total used to compute the delivery ratios used in the sediment 
transport system of the model. 
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TableA.7. Estimated percentage of total sediment load from source type 
by river.basina 
River Basin Percent Percent Percent 
Sheet Gully Channel 
and Rill Erosion and Other 
Erosion Erosion 
New England 75 15 10 
Middle Atlantic 75 15 10 
South Atlantic-Gulf 55 45 
Great Lakes 75 15 10 
Ohio River 80 10 10 
Tennessee River 80 10 10 
Upper Mississippi River 90 10 
Lower Mississippt River 55 45 
Souris-Red-Rainy 90 10 
Missouri River 70 20 10 
Arkansas-Red-White 77 15 8 
Texas-Gulf 95 5 
Rio Grandee 55 45 
Upper Colorado River c 55 45 
Lower Colorado River c 55 45 
Great Basin d 55 45 Columbia-North Pacific 70 20 10 
California-South Pacific 55 45 
asource: (9, 37). 
bEstimated to be the same as the Upper Mississippi Basin. 
cEstimated to be the same as the California-South Pacific Basin. 
d Estimated to be the same as the Missouri River Basin. 
Sediment Transport Ratios 
The sediment transport ratios are the aggregate transport efficiency 
of each stream reach which has inflow from upstream regions and outflows to 
other regions or to an ocean. This aggregate ratio represents the effects 
of the stream reach as a whole on the interregional flows of sediment. The 
effects of the individual main stem structures are aggregated to give a 
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single transport ratio for the region. Estimation procedures for the sedi-
ment transport ratios are outlined below. 
A basic assumption is made concerning sediment delivery and transport 
and the processes of geomorphological evolution of water courses which di-
rectly affect the operation of this model. It is assumed that for all 
regions there is neither geological agradation or degradation. That is, 
in the long run, sediment deposited in agrading processes are offset by 
sediments removed in degrading processes. Consequently, the rivers repre-
sented by the PA definitions are in geologic equilbrium after the adjust-
ments to changes resulting from new environmental policies have taken place. 
This type of adjustment process is consistent with the assumption of the 
economic model which also moves to a state of economic equilibrium in the 
year 2000 after the changes have taken place. This assumption facilitates 
the analysis of the major goal of this study which is to look at the long 
run aggregate impacts of national water quality policy on the agricultural 
production system. Hence, one can ignore the pertubations in geo-
morphology that normally occur over geological periods and concentrate on 
the changes which occur under hypothesized alternative water quality poli-
cies. Sediment transport, therefore, is considered a single period event. 
United States Geological Water Supply Paper No. 1838 provides most of 
the locations of the major reservoirs in the United States (16). Supple-
mentary data is required for newer reservoirs and the locks and dams of the 
national waterborne transport system (18, 24, 30, 31, 33, 34, 35). 
The indentification of storage structures, the assignment of a reservoir 
storage capacity, and the drainage area contributing to the 
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reservoir are the variables required to compute the trapping efficiency of 
each reservoir. The trapping efficiency is computed using an equation de-
veloped by Brune in 1950 (6). The trapping efficiency of a reservoir is 
defined as the proportion of sediment flowing into a reservoir that is 
trapped. This trapping varies by reservoir size and drainage area and is 
proportional to the holding time of water in the reservoir. 
where 
and 
The trapping efficiency is computed as 
(Al9) 
= the trapping efficiency of the j th reservoir, 
the storage capacity in acre-feet of water of the jth reservoir, 
the drainage area above the jth reservoir in square miles. 
The stor~ge capacity, drainage area, and computed trapping efficiency of 
each mainstream water storage structure has been computed and reported in 
Wade (46). Structures for which data is inadequate to compute the trapping 
efficiency are assigned a low trapping efficiency of five percent, since most 
structures for which data is not available are small or a1~e locks and dams 
on major rivers which have low trap efficiency. 
The development of trap efficiencies for individual reservoirs does 
not determine the sediment transport of a PA. An aggregation and transfor-
mation of trapping efficiencies is required to determine the PA's sediment 
transport ratios. This is done by the following equation 
T = j£i (1 - TE ) 
i rr j (A20) 
where 
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TEj = the trap efficiency of the jth reservoir in the ith PA and 
T. =sediment transport ratio of the ith PA. 
1 
This project compounds the effect of each reservoir as sediment moves 
downstream. The sediment transport ratios do not change for policy 
variations. 
Development of Delivery Ratios 
Some part of the total gross soil loss occurring within each PA moves 
from the lands in the PA to the point of stream outflows 'from the PA. This 
delivery ratio is the average proportion of the gross soil loss from all 
lands in each PA, that is delivered from the PA to the river system. Two 
data inputs are required to develop these ratios: the average annual 
total gross erosion from all lands and the average sediment load measured 
at the point of stream flow from the PA. The measured sediment loads are 
adjusted for the amount of sediment transported through each PA because 
the sediment transport variables cannot be calibrated without considering 
sediment delivery and transport simultaneously. For some PA's the sediment 
load data required to accurately compute the delivery ratios are not 
available. For these cases, the missing sediment delivery ratios are 
estimated by using values computed for nearby regions. Other aspects of 
measurements are explained in Wade (46). 
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The previously established procedures do not provide an easy method 
for computing delivery ratios for the large subriver basins that comprise 
the PA's of the model (1). Therefore, an alternative method of computing de-
livery ratios from existing river basin data is used. (\!though this method 
is time consuming, the results are rewarding since substantial variation 
is observed between delivery ratios computed by standardly available pro-
cedures and the ones used in this analysis. This variation is due primarily 
to application of procedures to areas larger than those for which 
the procedures are designed. 
The sediment delivery ratios are computed as 
where 
D = i 
I T s 
si - 1 ~i i l+i 
TSi 
Di = the delivery ratio of the ith PA, 
(A21) 
S = the measured sediment load at the point of stream outflow from i the ith PA, 
S/+i = the measured sediment load at the point of stream outflow from 
the /th PA that flows into the ith PA, 
and TSi = the total gross soil loss of the ith PA, 
The summation is over the set of PA's flowing into the ith PA. If there 
are no upstream PA's flowing into the ith PA, then the set, I , is empty and 
the sediment transport ratio, Ti is equal to zero. 
The stream sediment loads measured from historic data for each PA and 
the data sources used to obtain these values are given in Wade (46). In 
187 
several cases, data is chosen for a period as near the base period as 
possible. 
The method of computing the sediment delivery ratios shown in equation 
(A21) is further illustrated in Table A.B. The sediment transport ratios 
are shown in column 3 of Table A. 8. Column 4 is the total sediment load 
measured at the points of stream inflow into each PA. The upstream sedi-
ment load is multiplied by the sediment transport ratio to give the portion 
of the sediment outflow that is transported to downstream PA's. The sedi-
ment load transported from upstream sources is then subtracted from the 
sediment outflow from the PA to given an adjusted sediment load delivered 
from the PA. The adjusted sediment load is the proportion of the total load 
historically contributed from sources within the PA. Finally, the adjusted 
sediment load is divided by the computed total gross erosion in the PA to 
give an estimated delivery ratio. 
Several sediment loads are missing from the delivery ratio computation 
table because sediment movement data are not available for some areas of 
the co~ntry. This is particularly true in the Ohio River Basin where few 
1 
sediment gauging stations exist. In many other areas, continuous measure-
ment of suspended sediment loads is inconsistent with local conditions. 
For example, in the Great Basin, Texas High Plains, and other areas of the 
Southwest consistently flowing streams do not exist. The Great Lakes area, 
on the other hand, consists of many small unguaged streams, too numerous to 
1 Personal telephone communication with personnel in the Cincinnati 
District Office, United States Corps of Engineers. 
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be supplied with guages. Measuring sediment loads under either of 
these conditions costs more than the potential benefits obtained from the 
data collected, therefore, stream sediment loads are not measured and sedi-
ment delivery ratios are estimated from data of nearby regions. In some 
cases, the estimated ratios are simply guesses, however, these estimates 
are used for analysis until additional or better data become available. 
A minimum delivery ratio of .001 is established for use in this model, 
recognizing that the accuracy of the data does not allow the computation of 
numbers of a smaller magnitude. 
The ratios used in this model were tested prior to application in the 
complete linear programming model to verify the consistency of flows and 
the distribution of sediments under assumed conditions. This verification 
process gives a successful appraisal of the sediment transport and delivery 
system as is shown by the results of the full model. 
Soil Loss from Exogenous Sources 
In the policy analyses considered by this study, total soil loss 
from noncropland sources is fixed for the year 2000. This fixed or 
exogenous soil loss is estimated and used as an input to the sediment 
transport system of the model. 
The variable s* describes the total gross soil loss from exogenous 
or noncropland sources. The procedures described in previous sections 
give the tools for computing total exogenous soil loss. 
The total exogenous soil loss is defined as 
s* = EC' + NC' + NI' + GE' + CE' i i i i i i (A22) 
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where for the year 2000 
s* = total exogenous soil loss in the ith PA, i 
EC I = exogenous cropland gross soil loss in the ith PA, i 
NC 1 = inventoried noncropland exogenous gross soil loss in the ith PA, i 
NI I = noninventoried exogenous gross soil loss in the ith PA, i 
GE' = exogenous gully erosion in the ith PA, i 
and CE' = exogenous channel erosion in the ith PA. i 
The individual components of equation(A22) are analogous to those in 
previous sections. The critical differences between the total exogenous 
soil loss and the total soil loss used to compute the delivery ratios are 
changes in areas in each land use. The land base for computing exog-
enous erosion is adjusted to show the changes in land use between 1967 and 
the year 2000. The expanded population in 2000 requires more land for non-
agricultural uses. Acreages of croplands, range, pasture, and forest are 
reduced and the total acreage in urban and buildup and similar uses increase. 
The endogenous croplands of the data base are adjusted for the expanded 
demand for the crops designated as exogenous to the model. These land use 
adjustments are based on the OBERS-E' land base (40). For purposes of 
detennining exogenous erosion, these estimates of the 2000 land base 
are used to categorize and estimate soil losses from exogenous land uses. 
The inventoried noncropland uses for 2000 are summed into eight separate 
land use totals including exogenous cropland, hay land, pasture land, 
range land, forest land, grazed forest land, other land on farms, and 
other land not on farms. Each of these land use groups is adjusted for 
changes in the total available for the year 2000. 
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The total exogenous soil loss for each PA is determined by equation 
(A22) using a procedure similar to equation (Al8) and the 2000 land base. 
The individual components of equation(A22) are estimated in the following 
sections. 
Exogenous cropland 
Exogenous cropland is that land required to produce crops not included 
in the endogenous sector of the model. The soil loss from these sources 
comprises a sizeable portion of the total exogenous soil loss in some PA's. 
Soil loss from exogenous croplands are computed as a single land use cate-
tory assuming the soil loss rate to be the soil loss rate of an average acre 
of exogenous cropland use. The total soil loss from exogenous cropland is 
EC'. = 
1 
2 
I 
k=l 
9 E 
I SL c ikj • A ij • PC ikj 
j=l 
(A23) 
where the indices i, j, and k are defined as in equation (A2) and 
c 
SL ikj 
E 
A ij 
and c p ikj 
= average soil loss rate for cropland for the kth treatment 
type on the jth land quality class in the ith PA, 
= total acres of exogenous cropland on the jth land quality 
class in the ith PA, 
= proportion of croplands in kth treatment group in the jth 
land quality class in the ith PA. 
The ave.rage soil loss rate is computed as the rate of a row crop production 
system such that for areas east of the Rocky Mountains 
' 
where 
c 
SL ikj = c (RKLS) ij • C ki (A24) 
c C ki = the C-factor for the kth treatment group on a representative 
row crbp production plan; for k=l, conventional tillage residue 
left is used for the representative management system; for 
and 
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k=2, the C-factor is for continuous corn under conventional 
tillage residue removed, 
(RKLS)ij is defined as in previous sections. 
c For areas west of the Rocky Mountains, SL ikj is estimated from the 
SCS data. 
Noncropland inventoried sources 
Erosion estimates made for the remaining seven inventoried noncropland 
sources are also analogous to previous sections and equation (AS) . There-
fore, 
where 
and 
noncropland erosion in the ith PA is 
SL' imkj 
A'. j 1m 
P' imkj 
8 2 9 
NC~ = I I I SL'. k. • A' . P' imkj. i . (A25) 
= 
= 
= 
l. 
m=2 k=l j=l 1m J m] 
average soil loss rate for the mth noncropland use group 
for the kth treatment class on the jth land quality class 
in the ith PA, 
total acres in the mth noncropland use group for the kth 
treatment class in the ith PA, 
the proportion of the mth noncropland use group that is in 
the kth treatment class for the jth land quality class in 
the ith PA. 
The soil loss rates for the m noncropland use groups are computed as 
(A26) 
where (RKLS)ij is given in previous equations and 
and 
C'mk • the C-factor for the mth land use group in the kth treatment 
need group, chosen from Tables A.2 and A.3 according to Table A.4. 
m • noncropland use type, 
= 2 = hay land, 
= 3 = range land, 
= 4 = pasture land, 
= 5 = forest land, 
= 6 = grazed forest land, 
= 7 = other lands on farms, 
= 8 = other lands not on farms, 
j' k, and i are defined as in equation (A2). 
197 
In areas west of the Rocky Mountains, SL'imkj is estimated from soil 
loss levels given by the SCS questionnaire. 
Noninventoried sources 
Definitions for noninventoried sources show only small change from 
equations (A8) to (Al5), since it is assumed the expansion of nonagricultural 
land uses are drawn from inventoried lands • The soil loss estimating 
method for federal noncroplands is identical to equation (A9). The compo-
sition of federal noncroplands does not change and the soil loss rates for 
these lands change only where the average rates of the similar uses also 
change. The estimate for urban and buildup soil loss is increased by the 
estimate increase in this land use to the year 2000. The procedure de-
scribed in t!Iade(47) is used to partition urban and buildup lands such 
that the total soil loss from these sources is 
UBP' = SE • UE' + ST • UT' (A27) i i i i i 
where SEi and ST1 are defined in equation (Al3), 
UE' = total acres of urban and buildup lands established in the year i 2000, 
UT' = total acres of urban and buildup lands in transition in the i year 2000, 
and UBP' = total soil loss from urban and buildup sources in the year 2000. i 
The total noninventoried sources are computed by equation(A28) or 
NI I 
i FNC'i + UBP'i (A28) 
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Gully and channel erosion 
Gully and channel erosion for the year 2000 is estimated by equations 
(Al6) and (Al7). The only revision that is made in the procedure is that 
SRi is estimated using year 2000 land use and soil loss estimates. The 
total soil loss used to compute gully and channel erosion is 
SR' = CL' + NC' + NI' i i i i (A29) 
where all of the components have been previously defined except for CL' .. 
1 
For the cropland component of total erosion for estimating gully and 
channel erosion in the year 2000, total soil loss is estimated as 
where 
c 
A ikj 
and c SL ikj 
CL'. = 
1 
2 
I 
k=l 
9 
c c c 
I SL ijk • A ikJ" • p ikj j=l 
= total estimated cropland in the kth treatment 
jth land quality class in the ith PA, 
and Pc.k. are as defined for equation(A23). 
1 J 
(A30) 
group for the 
This equation groups all croplands together since specific crop-
land use cannot be estimated outside of the alternatives analyzed. Soil 
loss estimates are made for one cropland category for the assumed land 
use of row crops, both adequately and not adequately treated. 
Thus, gully and channel erosion levels are fixed in the year 2000 
by a procedure that computes this erosion as a proportion of an ~ priori 
estimate of sheet and rill erosion in the year 2000. This estimate does 
not change with the policy alternatives analyzed. 
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Erosion from Cropland Not Required for Production 
Since all lands are potential erosion sources including croplands 
not required for agricultural production, unused cropland or slack land 
computed by the linear programming model also erode. For the purposes 
of this model, these lands are estimated to erode at the same rate as 
"land in conservation use" not adequately treated in the same land quality 
class in the same PA as computed by equation (A2). This soil loss rate 
assumes that land not required for production is completely unused, and 
is subject to higher than average soil loss rates. 
The soil loss rates for unused cropland are applied on each acre of 
unused cropland by a land use activity (slack activity) in the linear 
programming model that uses one acre of land and produces soil loss as 
a residual for each land class in each PA. No other commodities are 
produced or consumed by this costless activity. This slack activity, 
when combined with a requirement that all cropland in each PA (by land 
class) be used as either cropland or slack, forces unused land to be an 
erosion source. 
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